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A new way to see risk with network science
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Agenda

1.  Adaptive Stress Testing Framework"

2.  Financial Cartography using Network Science!

3.  HeavyTails Systemic Risk Monitor!
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Implication of Complexity

From “Predict & Control” to “Sense and Respond” 

with Dynamic Steering
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Seek to understand hidden fault lines…
While Qantas & CX rerouted, many continued business as usual: 
“We've flown this route for many years, it's safe and that's the reason 
why we are taking this route” !

Source: BBC
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Adaptive Stress Testing: An ecosystem 
powered by Macro and Micro intelligence

I.  Macro: identify potential risks (hidden, structural) 

•Stress Library based on Thought Leaders   
•Focus on cycles (e.g., credit bubbles), amplifiers, imbalances, critical points 
•E.g., Robert Shiller: (a) tech bubble (2000), (b) housing bubble (2005) 

!
!
!
!
II. Micro: monitor visible risk with market signals 

•Construct Stress Indices using traded factors to represent scenarios  
•Monitor market signals, focusing on outliers and critical points 

•Examples: vol spike in (a) tech stocks and (b) US mortgages & financials 
!
 

See: Adaptive Stress Testing:  Amplifying Network Intelligence by Integrating Outlier Information 
(Laubsch 2014)
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A Social Markets Hypothesis

Source: Wikipedia; see Geoffrey Moore’s “Crossing the Chasm” (1999)

!
 

1.Macro: Scenarios from Innovators

2. Micro:  Market signals from Early Adopters
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U.S. Subprime Bond Early Warning Case Study
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300%+ increase in vol 
from Dec 12 to 21 '06

99% VaR bands vs 2006-1 AAA spread changes  

HSBC subprime disclosure triggers a 12 sd move on Feb 23 

Ratings agencies initiate reviews and/or 
downgrades week of July 9 '07

Source: Alan Laubsch “Subprime Risk Management Lessons”, RiskMetrics  

2. GS exits  
subprime 
(Micro)

1. Robert Shiller warns of housing Bubble in 2005 (Macro)
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Three Stages of Risk: U.S. Subprime Crisis
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subprime loss disclosed
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1. Hidden Risk 

Innovators

2. And the biggest surprise?1. When was the biggest risk?

2. Emerging 

Early 
Adopters

3. Crisis 
!
!Early Majority
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Tipping Point Dynamics require early 
detection and action
•Limited window of opportunity for exerting control 

Hidden

Source: “Building A Reputation Risk Management Capability”, Diermeier & Loeb, 2011

Visionaries see it

Emerging

Early Adopters 

Crisis

Early to Late Majority
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Agenda

1.  Adaptive Stress Testing Framework!

2.  Financial Cartography using Network Science"

3.  HeavyTails Systemic Risk Monitor!
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Network Theory: uncover hidden 
patterns in complex data
Structure of links 
between nodes matters  
!
Augments, does not 
replace other data 
analysis methods 
!
Network aspect is an 
unexplored dimension of 
ANY data 
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Maps depict key systemic features
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Market linkages Clustering

Bilateral exposure data Asset price data Balance sheet data

Financial Cartography reveals 
interconnectedness

Central nodes
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How can we best manage emerging 
systemic risk?
As in healthcare, our best chance lies is early detection
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Agenda

1.  Adaptive Stress Testing Framework!

2.  Financial Cartography using Network Science!

3.  HeavyTails Systemic Risk Monitor"
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Time series of asset returns

Example: Daily returns of asset 
prices (e.g., ETFs)!
!
Difficult to understand large-scale 
correlation or other dependence 
structures of financial assets.!
!
How to put the correlations and 
their changes in context with 
changes/returns and volatility?!
!
Objective is to efficiently 
represent a complex system 
moving in time"

…"
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Correlation Networks
We encode correlations as 
links between the correlated 
nodes/assets.!
!
Red link = negative correlation  
Black link = positive correlation!
!
Absence of link marks that 
asset is not significantly 
correlated.!
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We highlight VaR outlier returns 
Node color indicates last daily 
return!
!
Green = positive!
!
Red = negative!
!
Node size indicates magnitude 
of return!
!
!
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“Here be Dragons”
Didier Sornette (2009)!
Dragon King: “Extreme events can be 
predicted”!
!
Benoit B. Mandelbrot (1963)!
Volatility Clustering: “Large changes 
tend to be followed by large changes”!
!
!
-> Identify VaR exceptions (return 
outside 95% VaR bounds)!
!
-> Map them as bright green or red 
nodes!
!

Track the number of outliers 
each day

Highlight outliers in their context
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HeavyTails Systemic Risk Analytics

See http://bit.ly/1j24pIH

http://bit.ly/1j24pIH
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Case: Escalating Systemic Risk 2014!

http://bit.ly/1j24pIH
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Tapering fears drove the largest global 
daily selloffs in 2013 and 2014
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First wave of escalating tremors
Energy 24 Jun!  ! ! !    The Canary: Energy Bull Phase Transition!
          Europe 7 Jul   ! ! ! !  ! ! ! Europe Bull Phase Transition !
            Oil 9 Jul (jul 2-11)!
                Commodities 15 Jul!
                Euro 15 Jul to 4 Sep!
                  Russia, Junk, EM 17 Jul    ! ! ! ! !      ! !    MH 17!
                            ! ! ! !   JPY/USD 30 Jul!
! ! ! ! ! !      ! ! ! ! ! US, Materials, 31 Jul!
!
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What Precipitated the Energy Share Bear 
Market in 2015?

Amplifiers?

!
Systemic implications?
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Canary in the coal mine: Energy
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Canary in the coal mine: Energy
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Classic contrarian phase transition

1. Low vol (complacency)!
2. Peak prices!
3. … and then an outlier!
!
!
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24 June Risky Business Report
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Divestment Tipping Point
Litterman believes an immediate risk 
that investors should address is the 
potential for "stranded assets," or 
energy sources companies will not be 
able to harvest as the cost of oil, 
natural gas, coal and other fossil fuels 
increase from carbon-related taxes.!
!
"It's a risk management issue. Fossil 
fuel companies aren't evil or bad—
they're acting rationally given the wrong 
incentives. The incentive to emit is not 
being penalized today," Litterman said 
during a panel discussion on money 
management in the face of global 
warming.!
!
"The risk that investors have in their 
portfolios is not climate risk, per se, it's 
the risk that assets will be repriced 
because appropriate incentives are 
created globally to conserve on 
emissions."
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Train Wreck

9/15/2014

4

6

Think About Dynamic Optimization

With Uncertainty, Tipping Points And Nonlinear Responses

Because we’ve wasted precious time; we need to immediately slam on the brake

Higher societal risk aversion shifts the appropriate emissions price path upward 

Forward prices will be driven by the rate of technological change in emissions mitigation
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7

Source: Bob Litterman: The Price of Climate Risks



32

Stranded Asset Swap

9/15/2014

6

This recognition has implications for:

� Portfolio construction: Tilt away from stranded assets e.g. coal and tar sands

� Governance: Appropriate, transparent business plan assumptions about future emissions prices 

Investors Have Exposure to Emissions Price Risk

10

Stranded Assets Total Return Swap

WWF Deutsche 
Bank

¾ Coal Index Return +
¼ Oil Sands Index Return

S&P 500 Index Return

11

Source: Bob Litterman: The Price of Climate Risks
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Europe Equity Phase Transition
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Europe Equity Phase Transition
The start of the negative systemic risk cascade…
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Junk is next
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JPY/USD Phase Tansition
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Japanese Yen devaluation
“The dollar rose 0.7 percent to 102.82 yen to cap a nine-day advance that 
marked its longest winning streak against Japan’s currency since March 
2005. Japan’s currency fell 0.6 percent to 137.71 per euro.” Bloomberg, 
Bonds Drop as Dollar Gains on Fed; S&P 500 Little Changed, 31 July 2014
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31 July 2014
US Markets infected, equity & junk bonds
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September-Oct 2014 Wave
JPY, GBP, Commod, Oil, Gold 2 Sep"
      AU, BRL, Asia 8 Sep"
    "" " Real Estate 12 Sep"
        "" " " Asia 17 Sep"
             " " " " France, Junk 23 Sep"
              " "   " "   US Equities 25 Sep"
" "     "" "   " " "    Commod, Oil 30 Sep"
" "      " " "   " "      Materials, Japan  1 Oct"
" "     "" "      " " "   USD (up), 3 Oct"
" "      " " "    "  " " " " Europe 7 Oct"
" " "     "" "    "" " " " Energy, JNK, JP, EU 9 Oct"
" " "     "" " " " " " "  Tech, JNK 10 Oct"
" " " "   " " "    "" " "      Energy, Materials 13 Oct"
" " " "   
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2 Sep 2014
Next wave of outliers 
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Europe trades down with oil
… while US stays at peak levels for a while longer 
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22 Sep 2014: Rockefellers Divest
“John D Rockefeller, the founder of Standard 
Oil, moved America out of whale oil and into 
petroleum,” Stephen Heintz, president of the 
Rockefeller Brothers Fund, said in a statement. 
“We are quite convinced that if he were alive 
today, as an astute businessman looking out to 
the future, he would be moving out of fossil 
fuels and investing in clean, renewable energy.”
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25 Sep 2014: US infected
Start of the most recent downside wave
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17 Oct 2017 - Fed to the Rescue
“… the markets’ impressive countermoves on Friday were 
widely attributed to a single factor -- reassuring words from 
Federal Reserve officials…” (El-Erian)

http://www.bloomberg.com/news/2014-10-17/bullard-challenges-fed-to-respond-to-weakening-inflation.html
http://www.bloombergview.com/articles/2014-10-20/4-lessons-of-a-wild-market-week
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Reverse Stress Testing
What conditions give rise to extreme portfolio losses?
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9 Oct 2014
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9 Oct Risk Crescendo
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Oct 9 Energy as worst performer
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Oct 9 Energy EAFE correlation
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28 Nov Black Friday
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28 Nov Black Friday
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Given inevitability of carbon pricing, was 
OPEC’s move surprising?

Given that we have 
exceeded safe levels of 
atmospheric CO2, carbon 
pricing or limits are 
inevitable.!
!
Paradoxically, until these 
costs are imposed, 
producers will keep 
pumping!
!
!
!
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30 Jan: Oil + 6.6%
Dead Cat Bounce?!
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30 Jan 2015 Outliers
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Energy correlation to Junk still high
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Predictive Stress 30 Jan 2014: -3sd Oil & 
Energy shock
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Predictive Stress Black Friday 28 Nov 
2014: -3sd Oil & Energy shock
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Predictive Stress 9 Oct 2014: -3sd Oil & 
Energy
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10-15 Dec EM & Russia Crisis
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15 Dec Oil & EMBI correlation peaks
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Summary: Financial Cartography

Improve risk models by representing 
interconnectivity 
!
Simplify complexity by filtering signal from noise 
!
Key steps:"
What’s a relevant map for you? 
Where are you on the map? 
Where do you want to go?
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!

!

!

Summary & Conclusions!
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Adaptive Stress Testing: harness social 
intelligence
!

1. Stress Library from Thought Leaders"
• Create StressIndex with key driving factors !
• Use Financial Cartography to build intuition on connected risks!
!
!

2. Monitor Early Warning Signals (Outliers)"
• Focus on key systemic fault lines: what nodes are most likely 

to be affected by cascading risk?!
• Apply severe predictive shocks to key nodes
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Maps are essential for any Command Center: amplify 
intelligence, build intuition, and manage systemic risk
!

Google Flu Trends (2013)
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Mass collaboration platforms empower 
social intelligence

“…if you have an idea and I have an idea and we exchange them, 
then we both have two ideas. It's nonzero.“ -- Dean Kamen 
(“Abundance”  by Diamandis & Kotler)

facebook graph of social relationships
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Conclusions
• An era of systemic risk: everything is connected 

• Develop visual intuition with Financial 
Cartography 

• Spark an evolutionary leap in risk culture with 
collaborative intelligence platforms  

The future is already here. It’s just not very evenly 
distributed.  - William Gibson
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