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Black Swans and Complexity 

• Rare, hard-to-predict events with a large 
impact 

• Black swans result, at least in part, from 
complexity 

- from Nicholas Nassim Taleb 





Dragon Kings 

Supposedly predictable events in complex 
systems can often spin out of control leading to 
extreme events  - from Didier Sornette 



“…there are known knowns, 
these are things we know we 
know. We also know there are 
known unknowns; that is to 
say we know there are some 
things we do not know. But 

there are also unknown 
unknowns – the ones we 

don’t know we don’t know.” 
Donald Rumsfeld 
US Secretary of Defense, 
2002 

Another Relative of the Black Swan 



Black Swans vs Dragon Kings  
vs Unknown Unknowns 

 

• Black Swans are real 

• Dragon Kings are the stuff of myth and legend 

• Unknown Unknowns are … erm unknown 

• But does it really matter …. ? 



Asian Financial Crisis 2007/2008 



Terrorism 2001 

911 

Jemaah Islamiyah,  

7 December 2001 



SARS Outbreak in Singapore 
February 2003 



Financial Crisis 2008/2009 



Thai Floods 2011 



Hurricane Sandy 2012 

 



Eurozone Crisis 



The Arab “Spring” 

 • Governments 
collapsed in Tunisia, 
Egypt, Libya, Yemen 

• Government 
changes in Kuwait, 
Bahrain, Oman 

• Civil war in Syria 

 



“Men wiser and more learned than I  
have discerned in history a plot,  
a rhythm, a predetermined pattern.   
These harmonies are concealed from  
me.”  

 
-  Herbert Fisher, Historian & 
   Politician 
 



“Life is understood 
backwards, but must 
be lived forwards.”  

- Søren Kierkegaard, Philosopher  



Retrospective Coherence 
 

• The current state of affairs always 
makes logical sense, but only when 
we look backwards 

• The current pattern is logical, but is 
only one of many patterns that 
could have been formed, any one 
of which would have been equally  
logical 

• Retrospective coherence arises 
because of complexity 

 



Black Swans will surprise us,  
time and again, 

because of complexity 



Complicated 



Complex 



“Everything is 
connected, and 
everything 
relates to each 
other.” 

- Lao Tzu 



Complexity 
• The study of relationships between the system 

and the agents that act within it.  

• These relationships and the actions of the agents 
can give rise to collective behaviours that are 
unanticipated and not well understood.  

• Such collective behaviours can deliver 
discontinuous and non-linear shocks to the 
system, thus resulting in catastrophic failure.  

• Complex systems are characterised by 
“emergent” outcomes that are not always 
predictable ex ante 
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“In orthodox economic theory, the agents involved in 
any particular market are presumed to be able to 
both gather and process substantial amounts of 
information efficiently in order to form expectations 
on the likely costs and benefits associated with 
different courses of action, and to respond to 
incentives and disincentives in an appropriate 
manner.  The one thing these hypothetical 
individuals do not do is to allow their behaviour to 
be influenced directly by the behaviour of others and 
their tastes and preferences are assumed to be fixed, 
regardless of how others behave.”  

- Paul Ormerod, Economist 



Complexity and the Dismal Science 

Asian Financial Crisis 
1997 – 1998 

Global Financial Crisis 
2008 – 2009 

Eurozone Crisis 
Ongoing 



Complexity and Cumulative Effects 

Tohoku Earthquake 
2011 – a Dragon King? 

It is extremely 
difficult to estimate 
the cumulative 
effects of complex 
events 



Wicked Problems 

• Highly complex 

• Multiple 
stakeholders with 
different 
perspectives 

• No immediate or 
obvious solutions 



Pandemics 

Aging 

Sustainable 
Development 

Wicked Problems 



Climate Change 



Food, Water & Energy Security 



Black swans/unknown unknowns/ 

wicked problems 

 

 

 

 

Complexity 
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“The frequency of strategic shocks 
seems to be increasing,  

and the amplitude of their impact 
appears to be growing.” 

Why? 



The Anthropocene 

• The epoch marked by 
humanity’s effects on 
global geology and 
ecology (beginning with 
the Industrial 
Revolution, late 18th 
Century) 

• Before the 
Anthropocene – the 
Holocene (a geological 
era) 

 



The Anthropocenic Planet 

 



The Human Impact 



The Effects 



Source: igbp.net 



Evolution increases complexity 

- Helga Nowotny 
Complexity Conference, 
4 March 2013 



The twenty-first century will be the 

century of complexity.  

– Stephen Hawking  



The Rise of Complexity 
… the World Is Getting More Complex … 

 

 

 

• We are operating 
in an unordered, 
complex 
environment 

• Not in an ordered, 
complicated 
environment 

 



Challenges of Complexity 

• As the connections between 
problems and solutions become 
less clear (cause and effect), we 
will sooner or later have to face 
the unintended consequences of 
our decisions 

• Policies and plans can have 
effects not easily predicted: 
policy-makers  relying on a linear, 
mechanistic approach can get 
things quite wrong 



In a Complex World … 

• Success is not pre-ordained 

• Success is not a permanent 
condition 

• This applies as much to 
governments as it does to 
companies 



Kodak 
• Kodak filed for Chapter 11 in 

January 2012 

• History dating back to 1880 

• Faced discontinuity of digital 
technology 

• Complacency 

• History of innovation 
– But not prepared for pace of 

change 

– Burdened by legacy 

• But the name lives on 
(licensing deal with JK 
Imaging) 



Borders       

• Went into liquidation in July 2011 
• Only one national book chain left in the US – Barnes 

& Noble 
• Signal a new chapter in retailing 
• Dominated by on-line retailers like Amazon 
• Bad judgement 

– Moved heavily into CDs and DVDs when music and movies 
going digital 

• Slow on the uptake 
– Victim of e-books 
– Slow to establish online presence 



 Nokia the Disrupter 

• Started as a disrupter in mobile communications, 
knocking off Motorola from its perch 

• Early adopter and driver of 2G technology 
• World leader in both supply chain management 

and brand-building 
• First handset manufacturer to target the bottom 

two-thirds of the global income pyramid 
• Among the first to understand the importance of 

ease of use, design, and mobile phones as 
lifestyle products 
 
 



Nokia the Disrupted 

• Displaced by Samsung as the No 1 mobile 
handset manufacturer 

• Failed to launch a credible response to iPhone 
and Android OS  

• Failed to see that the mobile internet was a 
practical option 

• Rejected development of a Nokia online 
applications store 

• Saved by Windows 8 and Lumia? 
• Innovator or follower? 

 



Another (Icon) 
 Bites the Dust 

• Reader's Digest filed for Chapter 11 protection 
in February 2013 

• Second bankruptcy filing since 2009 

• Emerged from its last bankruptcy on a viable 
basis 

• But even a lighter debt load could not save the 
company from the pressures on print 
publishers 



Apple Next? 
• Android operating system 

beats Apple in the smartphone 
market 

• Will Android become the 
dominant standard for Apps 
developers, network 
operators, and consumers? 

• Loss of creative genius of 
Steve Jobs (catching up with 
competition, eg iPad mini) 

• Apple’s success may have left 
it less open, less sensitive, less 
flexible, and less responsive 
(Christensen’s Innovator’s 
Dilemma) 



Dick Foster 

 

 75% of the S&P 500 in 
15 years will be 
companies whose 
names we do not know 
today. 

 

 Dick Foster: Creative 
Destruction 

 



Clayton Christensen 

 Successful organisations 
are doomed to fail in the 
long run, because there is 
tremendous inertia to 
change a formula that has 
worked well.  This inertia 
allows the insurgents, the 
revolutionaries, the start-
ups, to sneak in, change 
the rules of the game, 
capture market share and 
dislodge the incumbent. 



Companies vs Governments 

• Organisations must change and adapt, or die 

 [Dick Foster, Clayton Christensen, et al] 

• Companies can fold 

• But governments cannot shut down 

 … or can they? 



When Governments Fail 

Somalia 

Greece 



From Third World to First 

• World’s second most 
competitive economy 
(WEF) 

• World’s busiest port 

• World’s best airport 

• No.2 home ownership 

• No.3 in GDP per capita 
at PPP 

• No.5 life expectancy 

 



A Clayton Christensen Moment 

  

 Are we the Apple of 
Nations? 

 OR 

 Are we just a Little 
Red Dot? 

 

 

 

  

 

Question by Peter Schwartz, 2010 



The Apple of nations! The little red dot! 



Inability to make sense 
of complexity 

Obstacles 



A special type of failure … 
that all human beings  

are prone to … 
and accentuated by complexity … 



Cognitive Failure 



Placing less emphasis 
on future risks and 
contingencies, and 
more weight on present 
costs and benefits. 

Hyperbolic Discounting 



Other Examples of Cognitive Biases 
• Attention bias – the tendency of emotionally 

dominant stimuli in one's environment to 
preferentially draw and hold attention and to 
neglect relevant data when making judgments 
of a correlation or association 

  
• Availability heuristic – estimating what is more 

likely by what is more available in memory, 
which is biased toward vivid, unusual, or 
emotionally charged examples 
 

• Confirmation bias – the tendency to search for 
or interpret information in a way that confirms 
one's preconceptions 
 

• Information bias - the tendency to seek more 
information about a problem even when it is not 
helpful in making a decision or taking action.  
 

• Knowledge bias – the tendency of people to 
choose the option they know best rather than 
the best option 
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Limited information and 
time pressure mean that 
the decision-maker cannot 
possibly make a rational 
and optimal choice. 

Bounded Rationality 



Limits of Cognition 

Human cognitive 
limitations constrains  the 
ability to deal with 
complexity, and to 
anticipate black swans and 
other strategic surprises 
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The Dangers of Modelling Complex  
(World) Systems 

 The Club of Rome Report 
on “The Limits to Growth” 



Population Policy 



Population White Paper 

  



 “There are winners because there is 
uncertainty. Without uncertainty  
there can be no winners. Instead of seeing 
uncertainty as a problem, we should start 
viewing it as the basic source of our future 
success.” 

Kees van der Heijden 

Author of “Scenarios: The  
Art of Strategic Conversation” 



How can we make better decisions 
in a complex operating environment? 



Complexity and Governments 

Those governments that learn to manage 

complexity will gain a strategic competitive 

advantage.  



British Empire as a Complex System 

 



Anticipating change: a 
profound and critical 
strategic capability 



Managing Complexity 

• Organisations should be adaptive, emergent 

• Big decisions will have to be made under 
incomplete information and uncertain 
outcomes 



• To think about the 
future in new ways 

• To understand latent 
assumptions & biases 

 

Foresight Methodologies 



The goal is to shape the future, 

not to predict what it will be 



Focal 
Concern 

Driving 
Forces 

Scenario 
Stories 

Scenarios  
to Strategy 

Scenario 
Frameworks 

DM Interviews 
Preliminary Research 
Environment Scan 

Looking Afresh 
DM/RP Interviews 
Environment Scan 

Assumptions 
DF Analysis + Prioritisation 
Stakeholder Consultations 

Scenario Logics 
Fleshing Out Scenarios 
  

Iterate 
Frameworks 

Signposts/Early Indicators 
Strategy 
   Recommendations 

Scenario Planning 

Preparation Development Strategy 



• Shell is a pioneer in 
scenario planning 

• Last year, it 
commemorated 40 
years of scenario 
planning 

• Scenario planning 
helped Shell avoid the 
“oil shock” in the 1970s 

 



Scenario Planning in Singapore 

• For the past two decades, 
the Singapore government 
has crafted national 
scenarios.   

• Scenario planning is a key 
part of the Singapore 
Government’s strategic 
planning process, 
embedded into our annual 
strategic planning and 
budget cycles. 

 



Hotel Singapore 

  

A Home Divided 

  

National & Focused 
Scenarios  

New Media 
 

Climate Change 



Pierre Wack 

Scenarios: The Gentle Art  
of Re-perceiving 

“… to design scenarios that would lead our 
decision makers to question their inner 
model of reality and change it as 
necessary, in order to take action…” 

In Singapore, scenario planning has been 
useful in surfacing hidden assumptions and 
mental models.  We aim … 
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Prostheses for the Imagination 



• Does not fully address 
discontinuous, non-linear 
change. [Unordered space, 
re:Dave Snowden] 

 
 

• Is not designed with feedback 
loops to enable the timely 
updating of scenarios after 
major changes occur. 

But, scenario planning: 



Beyond Scenario Planning 
Backcasting 

Today

Heaven

Hell

The Past

Policy Gaming 



Scenario Planning Plus (SP+) Methodologies 

 Additional tools to 
enhance scenario 
planning strengths & 
complement its 
limitations 

 

• Cynefin Framework 

• Backcasting 

• Causal Layered Analysis 
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  Photographs of the Future = Backcasting 



Emerging 
Strategic Issues 
– lying just over 

the horizon. 



Post-Ethnic Singapore? 

Rising immigration means that a greater 

variety of ethnic identities are 

represented in our population.  

Categories such as “Chinese” and 

“Indian” have become less meaningful, 

because of greater diversity within the 

Chinese and Indian communities. 

Transnational marriages, where one 

partner is non-Singaporean, now 

comprise 41% of new marriages, while 

20% of new marriages are inter-ethnic, 

and this figure is rising steadily. 

In future, more Singaporeans may 

refuse to identify themselves as 

belonging to any particular ethnic group. 
0%

5%

10%

15%

20%

25%

1990 1995 2000 2005 2010

% of Marriages that are  
Inter-Ethnic 

(Department of Statistics, 2011) 

Future of 

Singapore 

Society 



Enhancing Our Brains 

New technologies offer the possibility 

of enhancing human cognition. 

Drugs that improve memory and 

cognition, such as Adderall to treat 

attention deficit disorder and Provigil to 

treat narcolepsy, are being used “off-

label” by students and professionals to 

boost performance. They appear to aid 

more those with less ability. 

In the future, cognition-enhancing 

drugs may become the norm, and may 

even be mandated by employers. The 

U.S. Air Force makes available 

Modafinil – a drug which enhances 

alertness – to pilots before long 

missions. 

“Caffeine is a cognitive enhancement. 

I don’t think there’s anything special 

about enhancing with drugs that 

makes it morally different.” –  Prof. 

Hank Greely, Stanford Law School 

Would you take  

cognition-enhancing drugs  

despite mild side effects?  
(Survey by Nature, 2008) 

Technology 

and  

Society 



3D Printing Goes Mainstream 

By 2018, 3D printing is expected to be 

widely available commercially.  

Industrial 3D printers used to cost 

US$100,000 to US$1 million, but some 

now only cost US$10,000, while home 

3D printers are available for US$1,000. 

3D printing allows the possibility of mass 

customisation and the creation of new, 

niche markets. This should drive 

innovation and produce new jobs, in 

areas that did not previously exist. 

The societies that will benefit most from 

this transformation of industry are those 

that can develop these as-yet-

unimagined entrepreneurial niches. 

Global Sales of  

Home 3D Printers* 
(Wohlers Associates, 2012) 

*Machines priced US$500-4000 

Drivers of 

Growth 



Policy Gaming 

• Overcoming cognitive 
biases 

• Like war-gaming of the 
military 

• Safe environment for 
contemplating issues 
outside comfort zone 

• Learning to make 
decisions in conditions of 
uncertainty and 
complexity 
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Risk Assessment & Horizon Scanning 
 System (RAHS) 

 Computer-based suite of 
tools 

• Horizon scanning 
• Research & analysis 
• Environmental scanning 
• Scenarios to strategies 
• Issues-to-indicators 
• Scan-to-trend 
• Moving beyond horizon scanning:  

 Sentiment analysis 

 Narrative capture 

 Big Data  

 



Experimentation and Risk Management 

In complex environments, experimentation is 

more valuable than predictions of analytical 

models. 



Eyjafjallajökull, 
 Iceland, 

April 2010 

Why were we 
surprised? 
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Experimentation 

• Experimental flights proved to be a better 
indicator for action than reliance on models 

• Exploration and experimentations are more 
valuable than predictions of analytical 
models  



Experimentation & Discovery 

• Unordered domains – 
probe/act, sense, 
respond 

• Safe-fail, not fail-safe 

• Capacity for 
experimentation 
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“Safe fail” vs “fail-safe” 

“Fail small” and “fail fast” 
 

 Rather than plan exhaustively for every contingency 

before we move, we should adopt a “search and 
discover” approach: to act before the window closes, and 
to act boldly in areas where we sense opportunities.  We 
must be prepared to experiment, even if we cannot be 
entirely certain of the outcome.  The approach is to 
probe, sense patterns, and to act, even in the absence of 
complete information.  As I have emphasised before, we 
must learn to operate not in a “fail-safe” mode, but 
instead to operate in a “safe-fail” mode.   

 
Peter Ho 
4th Strategic Perspectives Conference 
8 April 2008 



The Solution to the  
Innovator’s Dilemma 

• Clay Christensen’s solution to the innovator’s dilemma is to 
create small self-contained units within the larger 
organisation that have the mandate to experiment with new 
ideas and new concepts.   

• “Mainstream firms establish a timely position in disruptive 
technologies only when the firm’s managers set up an 
autonomous organization charged with building a new and 
independent business around that disruptive technology.”   

• If new units succeed, then their formula can be proliferated 
through the organisation.  If they fail, then the organizational 
impact will be contained.  



Future Systems Directorate 

BG Jimmy Khoo 

The first Future Systems Architect … 

… pushing the boundaries 

and learning to fail … 



The Family Tree of Failure 

“Good” failure “Bad” failure 



Managing Risk in a Complex Environment 

Big decisions will have to be made under 

conditions of incomplete information and 

uncertain outcomes. 



Whole-of-Government  

Integrated Risk Management 

• To identify and assess 
risk at the strategic level 

• To mobilise resources  

• To bring behavioural 
change to address risks 

• To explore connections 
amongst risk factors 



The most basic issue for 
organisational success is correctly 
matching the system’s complexity 
to its environment.  

  - Yaneer Bar Yam, Systems Scientist 



Jemaah Islamiyah (JI) 



Fighting a Network with a Network 

 Whole-of-Government 
approach to counter 
the JI network: 

• Greater coordination 
between agencies 

• Small, active centre 
driving the national    
counter-terrorism 
agenda 

 

 



Whole-of-Government 
aka A Crude Look at the Whole 

• A complex approach 

vs 

• A complex problem 

 Whole-of-Government 

vs 

 A complex network 
(Jemaah Islamiyah) 



Breaking Down Vertical Silos 

• Governments tend to optimise at 
the departmental level rather 
than at the whole-of-government 
level.  

• It is not “need to know” but 
knowing enough 

• Spontaneous horizontal flow of 
information will enlarge and 
enrich worldview 

 

• Discover connection hidden by 
complexity, emergent challenges 
and opportunities 

 

 



Whole-of-Government Approach 

• Dealing with wicked problems 

• Multi-stakeholders, multi-dimensions 

• Better understanding of the larger 
organisational needs 

• Greater transparency 
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Whole-of-Government 
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More wicked problems 

Need for Whole-of-Government 
approach 

Need for change of mindset 

 A whole-of-government 
approach to strategic 
thinking about the future 
is essential. 



Whole-of-Government 

Obstacles to Whole-of-Government 
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The Importance of Nagging 

107 



Creating a 3rd Generation Public Service 

 



“Government with you” 

Roles of Government 

“Government to you” 

“Government for you” 



 

Whole-of-Nation 

Roles of Government 

Government by Agency 

Whole-of-Government 



Resilience 

 

 

 

Coping with strategic 
shocks 

 

Lean & efficient 

Organisation 

  

 vs 

 

 

Resilient organisation 
 Over-emphasizing efficiency can 

render organisations s unable to 
respond rapidly to unexpected 
shocks or quickly exploit new 
opportunities. 
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A Resilient System …. 
…. or a horse designed by a committee? 
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SCENARIO 

PLANNING  

PLUS 

Scenario 

Planning 

Risk Assessment and 

Horizon Scanning 

Risk 

Management 

Centre for  
Strategic Futures 

A small, dedicated group  
focused on  
thinking about,  
and preparing for,  
the future 

The focal point of 
futures-related work in 
the Singapore 
Government 



The Key Question of Good 
Governance 

How can we prepare for a future in which we will be surprised time and again? 
 
In a period of change and uncertainty, we must be able to manage complexity and anticipate the 
unexpected 
  

• Build deep capacities in strategic planning and foresight  

• Employ flexible and forward-looking approaches and processes 

• Be ready to challenge dominant narratives and paradigms (Mindset) 

• Able to make decisions in conditions of uncertainty Create flexible, adaptive approaches that 
allow us to experiment and discover (Safe-fail, not fail-safe) 

• Have the resources to deal with unexpected shocks and volatility (Resilience) 

• Work together collaboratively and innovatively, across departments (Whole-of-
Government/Whole-of-Nation) 
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Goal: Better decisions, not better predictions. 



Lesson #1 
Recognise that we are 

operating in an 
unordered complex 
environment, not an 
ordered, complicated 

environment. 
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Lesson #2 

Acknowledge that 
human cognition has 

its limitations in 
dealing with 
complexity. 
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Lesson #3 

Expect to be 
surprised. 
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A Crude Look at the Whole 

Recognising  
Complexity 

Whole-of-
Government 

Tools for Managing 
Complexity & Risk 



“It is the ability to foretell 
what is going to happen 
tomorrow, next week, 
next month, and next 
year.  And to have the 
ability afterwards to 
explain why it didn’t 
happen.” 

Winston S Churchill 



 
 
 
 
 
 
 

Thank You 


