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Outline 

• Critical Transitions in Socioeconomic Systems 
• US Housing Market 
• Singapore Housing Market 
• Singapore 2011 General Election 
• Fusion-Fission Dynamics & Forecasting 
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Regime Shifts in Markets 
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Regime Shifts in Societies 
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Critical Slowing Down 
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Scheffer et al., Science 338, 344 (2012) 

Scheffer et al., Nature 461, 53 (2009) 

fishery 

vegetation 

climate 

neurology 

Phenomenon Indicators 

Critical slowing down Recovery rate 
Autocorrelation 
Spectral reddening 
Dominant eigenvalue 
Fisher information 

Critical fluctuations Increasing variance 
Spatial cross correlations 

Power-law tails Skewed distribution 
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Slow Recovery 
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Veraart et al., Nature 481, 357 (2012) 

• cyanobacteria in controlled chemostat microcosm 
• light intensity slowly increased until population collapse 
• 10% dilution perturbation every 4-5 days 
• measure recovery rate 

Dai et al., Science 336, 1175 (2012) 

• lab cultures of budding yeast 
• diluted daily by different factors 
• single salt shock (30 g/l NaCl) on 

day 5 
• measure population density 

through day 10 
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US HOUSING MARKET 
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Red Shift in Power Spectrum 
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Asian 
Financial 

Crisis 

Technology 
Bubble 

Subprime 
Crisis 

Lehman 
Brothers 

Subprime 
Loans 

• US Census Bureau 
– http://www.census.gov/c

onstruction/bps/ 
– 158 metropolitan 

statistical areas (MSAs) 
– Jan 1995 to Nov 2012 
– monthly housing permit 

• Zillow.com 
– http://www.zillowblog.co

m/research/data/ 
– about 3000 US cities 
– Sep 1997 to Dec 2012 
– home sold, median sale 

price, % of homes sold for 
profit 
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Spatio-Temporal Dynamics 
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Transition Cross Sections 
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Tan & Cheong, Eur. Phys. J. B 87, 38 (2014) 
System Analysis 2015 | 11-13 Nov 2015 | Laxenburg, AUSTRIA 

# homes sold % sold for profit median price # building permits 

Presenter
Presentation Notes
1.0 min



SINGAPORE HOUSING MARKET 
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Housing Bubble 
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housing bubble = dragon king! 

Property market 
liberalized in 2006 
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82% HDB, 12% Condo, 6% Landed 
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Spatio-Temporal Bubble Dynamics 
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Early Warning Indicators 
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Power evenly spread out 
during quiet years 
 
Power concentrated at 
lower frequencies during 
possible bubble years 
 
Asian Financial Crisis 

Autocorrelation low at 
quiet years 
 
Autocorrelation spikes 
up during the possible 
bubble years 
 
Asian Financial Crisis 
can also be seen 
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Slow Recovery 
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SINGAPORE 2011 GENERAL 
ELECTION 
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Online Discourse as Perturbations 
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SFSC 

SFCC 

SB 

VRZ 

Crawlers written in Scrapy (Python) 
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Relaxation Rates 

19 

SB 

individual threads 
average over 1-year 
sliding time 
windows 

low 

high 

meaning? 
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Text Co-Occurrence Analysis 
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PMFG: Tumminello et al., PNAS 102, 10421-10426, 2005 

not political political 

Use political keyword to split threads into political and nonpolitical 
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Nature of Transition 

21 Tan et al., in preparation 
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words 
connected 
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critical slowing down 

regime shift 

reset by GE 2011 
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FUSION-FISSION DYNAMICS & 
FORECASTING 
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Soup-of-Group (SOG) Model 

23 

Bohorquez, Gourley, Dixon, Spagat, and Johnson, Nature 462, 911 (2009) 
Johnson, Ashkenazi, Zhao, and Quiroga, AIP Advances 1, 012114 (2011) 

2 for d = 2 

Gutenberg-Richter Law! 
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Growth of Giant SOG Cluster 

24 

no giant cluster 
equilibrium distribution of cluster sizes 
GR law 

giant cluster = fewer clusters of all sizes 
departure from GR law 
suppression of smaller earthquakes 

ΔM 

Mean Field Theory 
linear growth 

GR law 
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Sep 1999, M-7.3, Chi-Chi, Taiwan 
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SOG equilibrium 

Strong departure 
from SOG 

equilibrium 
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SOG Precursors in the SGX 
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linear growth 

acceleration 

slowing down 

crash 

linear growth 
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Quantitative Crash Prediction 
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Event horizon
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Fit function
Fit window
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fitting window 
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Event horizon
Data
Fit function
Fit window
Chi-Chi Earthquake

APEC 2013 (29–31 Jul 2013, Pohang, Korea) 
Teh et al., in preparation 
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Conclusions 

• Critical Transitions in Socioeconomic Systems 
– Critical slowing down + Slow recovery 

• US Housing Market 
– Critical slowing down detected = Subprime Loans 

Transition 
• Singapore Housing Market 

– Critical slowing down detected = housing bubble 
– Slow recovery detected 

• SOG Forecasting 
– Sep 1999 Chi-Chi earthquake, Taiwan 
– Oct 2008 SGX market crash 
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Thank You! 

• Contact Information 
 Siew Ann CHEONG 
 Division of Physics and Applied Physics 
 School of Physical and Mathematical Sciences 
 Nanyang Technological University 
 21 Nanyang Link, Singapore 637371 
 Republic of Singapore 
 Tel: +65-6513-8084 
 Fax: +65-6795-7981 
 Email: cheongsa@ntu.edu.sg 
 URL: http://www1.spms.ntu.edu.sg/~cheongsa/ 
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