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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]. 

[https://www.pik-potsdam.de/services/infodesk/tipping-elements] 2



What does the term 'tipping' mean?

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

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

 The candle is an origin of the problem – a tipping element 
of the system.

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

 An open window which gives the direction of flame 
propagation is the second tipping element of the system.
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Advance and withdrawal of monsoon
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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

How far in advance can the monsoon be realistically predicted? 

5



The theories of monsoon
ITCZ fluctuations 

theory
Differential 

heating theory

Mausim - season

1686 - English astronomer and 
mathematician Edmond Halley gave 

first explanation of the monsoon.

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 is a transition from a regime of

sporadic rainfall to spatially organized and temporally

sustained rainfall…»

R. Ananthakrishnan and M.K. Soman, 1990
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Critical transition in the Nonlinear Oscillator
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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 Jü., 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)

9



"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 in 
space? 
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Tipping elements and prediction of monsoon

Growth of fluctuations
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• 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

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

DATA: ERA40: near –surface air temperature, 0.25 °/0.25° resolution, (1958-2001)
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Networks analysis     
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Figure 3. Links between a set of 153 reference grid
points to other grid points and surface wind vector
mean 1998-2012.
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Figure 4. Wind fields and near-surface temperature:
before, during and after the onset of monsoon

Stolbova V.et al., NPG, 2014.

Temperature & 
wind fields

How can we use obtained result for the predictability of the onset of monsoon?
DATA: NCEP/NCAR  reanalysis, 2.5 °,  near –surface air temperature, (1951-2015)
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Onset Date Forecast:
June 13+/-4 days

Actual Onset Date:
June 17

Withdrawal Date Forecast:
October 5 +/-5 days

Actual Withdrawal
Date: October 10-12

PREDICTION OF INDIAN SUMMER MONSOON 
for Eastern Ghats (20N, 80E), 2016

Prediction of onset date (OD)
made on May 6, 2016 (40 days in advance)

Prediction of withdrawal date (WD)
made on July 27, 2016 (70 days in advance)
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Onset Date Forecast: June 13+/-4 days Actual Onset Date:  June 17

PREDICTION OF INDIAN SUMMER MONSOON 
for Eastern Ghats (20N, 80E), 2016

June 18, 2016June 17, 2016

Daily Maps provided by the IMD

Prediction made on May 6, 2016 (40 days in advance)



October 11, 2016 October 12, 2016
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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)

the IMDs Daily Maps



Indian Summer Monsoon - 2017 

May 08, 2017
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

The PIK- monsoon onset monitor news
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16-18 June

The Evidence for successful PIK-Monsoon onset forecast - 2017

The Map of Advance of Southwest Monsoon by the Indian Meteorological 
Department (http://www.imd.gov.in/pages/allindiawxfcbulletin.php) 17





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. 
• Our 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.
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