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Financial System Supply-Chain Cross-Contagion: a study in global systemic collapse.
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A networked society behaves like a multicellular organism...random damage is like lopping off a
chunk of sheep. Whether or not the sheep survives depends upon which chunk is lost....When we
do the analysis, almost any part is critical if you lose enough of it.... Now that we can ask
questions of such systems in more sophisticated ways, we are discovering that they can be very
vulnerable. That means civilisation is very vulnerable.
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Complexity is generally understood to refer to such things as the size of a society, the
number and distinctiveness of its parts, the variety of specialised roles that it
incorporates, the number of distinct social personalities present, and the variety of
mechanisms for organising these into a coherent, functioning whole. Augmenting any of
these dimensions increases the complexity of a society.
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3 Maddison estimates that Gross World Product grew 0.34% between 1500 and 1820, 0.94% (1820-1870), 2.12%
(1870-1993), 1.82% (1913-1950), 4.9% (1950-1973), 3.17% (1973-2003), and 2.25% (1820-2003).

6




%

%

operational fabric

3K91$

L1$

stability domain)




in-situ

Global Risks 2012 < # B L

2
, financial and monetary system keystone-hub,
production flows keystone hub

L b




%

+
the stable surround

punt

%

%




%

resilience

>0

% =+

10

tipping point




%

2
6 6 * ? " !
)
H
H #
B
B 2
6
= &
A
+
Letters of Credit
?
#? F- H
" $ H
# _*

11




%

12




13




The disaster damaged these firms and stopped their production activities; it also stopped or
diminished the production activities of non-disaster-affected firms that used the products of the
disaster-damaged firms, because of the shortage of those intermediate inputs. This phenomenon
of disrupted supply-chains amplified the impacts of the disaster on manufacturing production
and expanded the impacts broadly to other (non-damaged) regions in the country.
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country would be plunged into a deep social and economic crisis. It would take several
weeks for most production and distribution systems to recover” *
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Box 1

When Trucks Stop, America Stops
A Timeline Showing the Deterioration of Major Industries Following a Truck Stoppage

The first 24 hours
e Delivery of medical supplies to affected areas will cease.
e Hospitals will run out of basic supplies such as syringes and catheters within hours. Radiopharmaceuticals
will deteriorate and become unusable.
e Service stations will begin to run out of fuel.
e  Manufacturers using JIT manufacturing will develop component shortages.
e  US mail and other package delivery will cease.

Within one day
e Food shortages will begin to develop.
e Automobile fuel availability and delivery will dwindle, leading to sky-rocketing prices and long lines at
the gas pumps.
e  Without manufacturing components and trucks for product delivery, assembly lines will shut down putting
thousands out of work.

Within two to three days
e Food shortages will escalate, especially in the face of hoarding and consumer panic.
e Supplies of essentials such as bottled water, powdered milk, and canned meat at major retailers will
disappear.
ATMs will run out of cash and banks will be unable to process transactions.
Service stations will completely run out of fuel for autos and trucks.
Garbage will start piling up in urban and suburban areas.
Container ships will sit idle in ports and rail transport will be disrupted eventually coming to a standstill.

Within a week
e Automobile travel will cease due to lack of fuel. Without autos and busses, many people will not be able to
get to work, shop for groceries, or access medical care.
e Hospitals will begin to exhaust oxygen supplies.

Within two weeks
e The nation’s clean water will begin to run dry.

Within 4 weeks
e The nation will exhaust its clean water supply and water will be safe only after boiling. As a result
gastrointestinal illness will increase, further taxing an already weakened health care system.

Holcomb, R When Trucks Stop, America Stops American Trucking Association

3 , *h A timeline of implications for society resulting from a shut-down in trucking
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Evidence from a range of recent events, notably the 2010 ash cloud, the March 2011
earthquake and tsunami in Japan and the floods in Thailand in 2011, indicates that key
sectors and businesses can be severely affected if a disruption to production centres or
transport hubs persists for more than a week. This was confirmed by a survey of
businesses about the 2010 ash cloud — many said that had the disruptions continued for a
few days longer, it would have taken at least a month for their companies to recover. It is
also the case that planning by government and industry organizations for an ash-cloud
event had failed to consider a time-frame of more than about three days. One week seems
to be the maximum tolerance of the just-in-time’ global economy.
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II1. LI

In this section the evolution and stability of the globalised economy is framed as an evolving
CAS (complex adaptive system) that is maintained internally by keystone-hubs operating
within their stability domains, and externally by energy and resource flows. Those keystone-
hubs are adaptive to the conditions in which they co-evolved. But when those conditions
change, particularly if economic growth is reversed, they undergo a critical transition and can
collapse. Two of the supporting structures of the keystone-hubs, the banking system and trade
networks, are highly concentrated: this can increase the risk of large-scale systemic failure. We
should not be surprised that complex systems collapse, even if it is a globalised economy. The
system features of such a collapse are outlined.
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Civilisation is always and everywhere a thermodynamic phenomenon.
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The most significant changes in risk management have taken place in the past 7 to 10 years.
Today it's not only about data gathering...but trying to figure out the relationship of things.
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(Data: BP, IMF).
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Perturbation
—_—i

Ecosystem state
Figure:2 The bottom plane shows an equilibrium curve, with the solid lines representing the range
of conditions over which the state retains its identity. In the stability landscape, valleys depict the
equilibria and their basins of attraction. The dotted line represents unstable equilibria,
corresponding to the ball on a hill*°.
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%1 Trophic web model of the expanding globalised economy. Six primary co-dependent
keystone-hubs co-evolved and together maintain the general functionality of the globalised
economy. The faster moving economy has evolved in the context of slower moving environmental
conditionalities, which have evolved in the context of an even slower moving earth energy
balance.
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Consumer

/’_' income falls 4\
Price of service

rises Economy contracts

Spending on

_ service falls

Fixed cost per
user rises

Infrastructure
deteriorates

Income / fixed costs
falls

%6 Reverse economies of scale in critical infrastructure. The fixed costs of critical
infrastructure are adaptive to scale and economic activity. As economy contracts and demand
falls, fixed maintenance costs remain. A positive feedback of declining utility income and
deteriorating infrastructure ensue. Eventually, the infrastructure fails.
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Banks collapse

%7 A part of the deflationary process. In an economy where over-credit expansion
relative to GDP occurs, a cycle of credit-money contraction and declining GDP ensues.
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%8 Trust Radius The slow expansion of trust in an expanding economy, and its fast

contraction in a contracting economy.
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I1.4.1 The banking system
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N(k)=k , where y degree exponent, with generally 2< y<3.
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%: The major banks hubs of the international financial network show high levels of
connectivity and interdependence. The links are weighted to represent the strongest relations

between banks. The colours represent different geographic areas, European Union (red), North
America (blue), other countries (green)?.
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http://www.worldenergyoutlook.org/
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The Black Death did change the feudal system and raised the living conditions of peasants, but it made little
difference to the types of skills in use, or kinds of production (though quantity obviously dropped significantly).
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http://www.bis.org/statistics/otcder/dt1920a.pdf
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Total
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Government | Corporate | Household | financial
uUs 97 76 95 268
Japan 213 161 82 456
Germany 77 100 64 241
UK 89 126 106 321
France 97 155 69 321
Italy 129 128 53 310
Canada 113 107 94 314
Austria 82 99 57 238
Belgium 115 185 56 356
Finland 57 145 67 269
Greece 132 65 65 262
Netherlands 76 121 130 327
Portugal 107 153 106 366
Spain 72 193 91 356
Ireland 137 210 147 494
Critical
level 100 90 85

%* Debt as a percentage of GDP for non-financial sectors (2010). Eurozone countries in
blue. Figures above critical level in red. Today, 2012, there would be even more red. (Data: BIS
and Mathews37)
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Affordable oil
production
declines

|

Food
constraints
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Energy & Resource
Infrastructure-falling
investment/ degrade/
fail

Economic
activity
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All energy
demand falls
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equilibrium, GE fails

‘/_/

Financial/ monetary
failure

Reverse econ. Scale
Supply-chain contagion
Critical Infrastructure
failure

Behaviour

Figure: 10 The implications of peak oil on the globalised economy. Initially constraints on oil and
food squeeze economic activity causing energy demand to fall and investment to drop, squeezing
future energy production (black paths). Collapse can occur when the keystone hubs come out of
equilibrium (red paths) causing rapid falls in energy demand and a multi-front problem for all

energy & resource infrastructure, and a collapsing economy.

IV.3 Real Wealth, Virtual Wealth & the End of Financial Assets
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Figure:11 Global total financial assets (various classes of debt plus equity market valuation) and
debt as a percentage of Gross World Product (Data: McKinsey).
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Figure: 12 Total financial assets and debt, for various countries and regions as a percentage of
GDP (Data: McKinsey).
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Turning and turning in the widening gyre
The falcon cannot hear the falconer;
Things fall apart; the centre cannot hold;
Mere anarchy is loosed upon the world
W. B. Yeats The Second Coming

Something sets off an interrelated Eurozone crisis and banking crisis, a Spanish default say, which spreads
panic and fear across other vulnerable Eurozone countries. This sets off a Minsky moment when
overleveraged speculators in the banking and shadow banking system are forced to unwind positions into a
one-sided (sellers only) market. The financial system contagion passes a tipping point where governments
and central banks start to lose control and panic drives a (positive feedback) deepening and widening of the
impact globally. In our tropic model of the globalised economy, the banking and monetary system keystone-
hub comes out of its equilibrium range, crosses a tipping point, and is driven away by positive feedbacks to
some new state.

This directly links to another keystone-hub, production flows. Failing banks, fears of currency re-issue,

fears of further default, collapse in Letters of Credit, and growing panic directly quickly shut down trade in
the most affected countries. As the week progresses factories close, communications are impaired, social
stress and government panic increases. After a week almost all businesses are closed, there is a rising risk to
critical infrastructure.

Almost immediately internal trade and imports stops in the most affected countries, and there is impairment
in a growing number of other countries. Trade is impaired globally via a credit crunch. This undermines
exports from some of the most trade-central countries, with some of the most efficient JIT dependencies in
the world. This cuts inputs into the production and trade into countries that were initially weakly affected by
direct financial contagion. Globally, the spread of trade contagion depends on complexity, centrality, and
inventory times and once a critical threshold is passed spreads exponentially until the effect is damped by a
large-scale global production collapse (implying another keystone-hub, economies of scale is driven out of
equilibrium).

Trade contagion and its implications feed back into financial system contagion, helping drive further
disintegration. The interacting and mutually destabilising effects of keystone-hubs coming out of equilibrium
destroy the equilibrium of the globalised economy initiating a systemic collapse.

Growing risk displacement in an increasingly vulnerable system is increasing the risk of system failure.
Once the financial system contagion crosses a particular threshold the de-stabilisation of the globalised
economy will be exceedingly difficult to arrest; this point may be in as little as ten days. Once a major
system collapse occurs, scale, hysteresis, entropy, loss of critical functions, recursion failure, and resource
diversion is likely to ensure that the features associated with the previous dynamic state of the globalised
economy can never be recovered.
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temporal paralysis,

As financial and monetary systems become more unstable, the risks associated with
doing anything significant to change or alter the course increase (see also the discussion
of lock-in in the final section). In addition, the diversity of national actors, public opinion,
institutional players and perceptions works against a coherent consensus on action.
Therefore the temptation is to displace immediate risk by taking the minimal action to
avert an imminent crisis. This increases systemic risk. Some steps in the evolving crisis
might be handled, for example, a Greek default. However, each new iteration of the crisis
is likely to be bigger and more complex than the one before, while the system is becomes
ever less resilient.

% reflexivity trap,

The actions taken to prevent a crisis, or preparations for dealing with the aftermath of a
crisis, may help precipitate the crisis. Therefore to avoid precipitation, the preparation
has to be low key and below the radar of the public and markets. This limits the extent
and scope of preparation, increasing the risk of a chaotic and slow response.

black swans & brittle systems:
The growing stress in our very complex globalised economy means it is much less
resilient, see the discussion in section 3.1 and figure 2. Thus a small shock or an

unpredictable event could set in train a chain of events that could push the globalised
economy over a tipping point, and into a process of negative feedback and collapse.
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supply-chain contagion +

a) Impact of the Primary Cause
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b) First Impact Stage of Primary Cause
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¢) Supply-chain contagion
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8 Let us imagine at the beginning there are I, 'infected' supply-chain nodes, where I, 1., and I, represents the

minimum infection number for an infection to ‘take off’, that is it represents a critical transition. There are a total of L
globally connected nodes. The rate of change of infected nodes is= (rate of infection spreading) x (number of infected
nodes) x (fraction of un-infected nodes relative to total node population). We can associate the rate as being
proportional ( ) to the inverse of the average inventory time, Ti. Thus the equation describing this is:

al B 1 |
d T { L

This has the form of the logistic equation. It has the solution:
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% *1 A simple model of supply-chain failure cascading through an integrated
globalised trade network. A critical transition point marks the boundary between where
contagion spreads and where it does not spread, but can be repaired.
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This is valid for I,>I.. For I,<I, a linear repair is assumed.
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d) Amplification by Local Hub Failure
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Asset & bond market
collapse, bank failure,
monetary collapse

National Economic .| Global Banking
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recursion failure, the inability of the economy to
resume production and trade because in a complex co-dependent (globalised) economy,
production and trade must resume in order for trade and production to resume

¢) Resource diversion & lost economies of scale
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d) Entropic decay
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VI Risk Management, Constraints and a Conclusion.

(] * ']

The current economic situation is in many ways better than what we have experienced in years.
Against that background, we have stuck to the rebalancing scenario. Our central forecast
remains indeed quite benign: a soft landing in the United States, a strong and sustained recovery
in Europe, a solid trajectory in Japan and buoyant activity in China and India. In line with recent
trends, sustained growth in OECD economies would be underpinned by strong job creation and
falling unemployment.

#7 ( 011L

GNP growth will average around 33%4% per annum between 2008-2015 — even if there is a down-
turn and US instability.
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VI. Conclusion
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