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The threat

9/11

Fatalities 2.976 Fatalities 1.833

Damage $27.3 Billion Damage $108 Billion

Leon Panetta: Environment is becoming a
national security concern

Source: Homeland Security News Wire Published 8 May 2012




Impact on Internet Infrastructure

Reachability %
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Reachability of four representative sets of Internet

hosts on September 11, 2001. 0 A —
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Percentage of outaged, globally routed networks by state in the
affected region over the entire 10-day period since Katrina's landfall.

Note the early recovery followed by extended outages, especially in
Louisiana and Mississippi.

SOURCE www.renesys.com
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Complex systems paradigm

20" Century’s 100 largest disasters worldwide Raw data, nof statistical
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The typical behavior is much smaller than the
worst case, and the worst case is very, very bad

Source:Proceedings of a Workshop on
Statistics on Networks, NAP 2007



‘black swan’ events

Anatomy of a Blowup

1
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Figure 1 My ciassical metaphor: A Turkey is fed for 8 1000
days—every dayvs confirms to its statistica! department that the
human race cares about its welfare "with fncreased statistical

significance”. On the 1001 day, the turkey has a surprise,

The Bertrand Russell’s turkey

I

rare  unexpected strong impact
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SAND STORMS




2 months later...

The perfect storm...

Mars » Global Dust Storm

June 26, 2001 September 4, 2001
Hubble Space Telescope * WFPC2
NASA, J. Bell (Cornell}, M. Wolff (SSI), and the Hubble Heritage Team (STScl/AURA) » STScl-PRC01-31

...The dissolved storm



Limited area storms

Mesoscale convective
systems

Hurricanes

funnel clouds

wind storms

Tornado

Medicanes



and thelr predictability

e "Lothar" - deep low-pressure system which
hit N. France on December 26 1999.

e 110 mph winds recorded in Paris; 100
people killed across Europe.

e #4000 trees uprooted in the Palais de
Versailles (Paris) alone.

e o Automated forecasting systems failed to
forecast its severity.

Lothar Winter storm
Christmas 1999
Central Europe

35 million euros of damage to Versailles (gardens and roof)



A crash course on predictability

Puedictability is to Prediction
as Ramance is to sex

K. Migakoda 1985




WEATHER PREDICTION
BY
NUMERICAL PROCESS

m
LEWIS F. RICHARDSON, BA., FRMrrsoc, Flwnl

IR G s T W Faa o

Collect observations:

- surface

- upper air *
- satellites, radar networks

y

Distribute observations
(global comms networks)

r

Analyse observations:
- data only?
> - data + model forecast

[assimilation]

r

Model Initialization
- balanced atmospheric

F

Model integration *

(forecast)

y

Interpretation (for users)

==  Numerical Weather

Predictions

e \We create models to simulate the IR

atmosphere

Humidity

I N Clouds

“\\\\kk\?\%\\\ & j‘:‘?g Temperature
. ANNNY =y Height
AT THE SURFAGE T\,
Ground temperature, tal exchang
water and energy Y\ ¥ \ Y M

fluxes

e Instabilities increase forecast errors
e The models need initial conditions (today’s

analysis)

e |nitial conditions have errors

* Errors grow because of instabilities and

model error

+

Forecasting Systems
schematic flow diagram

f

\

IN THE ATMOSPHERIC
COLUMN

Wind vectors



Ensemble forecasts

* We create ensembles of forecasts to simulate
the uncertainty

of the forecasts. We need to include:

e Uncertainties in the initial conditions (today’s

analysis errors)
e Uncertainties in the models (model errors or

deficiencies)
f
The Ensemble Prediction System EPS \ -
Forecast 3



The London Temperature

Forecast

Ef:MW F ensemble forecasl

ECMWF ensemble forecasl - Air lemperalure

Date: 26/06/1 994 London Lat: 51.5 Long: O
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WHEIRYEN
predicted

Back to Lothar

What

Detarministic pradiction  Werification / h d p pe ne d

Ensemble forecas! of the French / German slarms (surface pressure)
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Nuclear events

Nuclear Power Plants in Europe

Copyright @ ICJT 2008
www.icjt.org
D Non nuclear country :—l:\‘h;;nia

Finland
1185 MW rirrs )
|:| ‘Country with operating NPP 2676 MW p J
1 NPP under consiruchon
Sweden .
10 NPPs.
8916 MW

)

ey

Germany

17 NPPs
Notherlands ~ 20.339 MW/
1NPP

450 MW
f Russian Federation
Belgium 31 NPPs
B ' 21.743 MW

7 NPPs

5B01MW i
~ I )
‘ ¢
United Kingdom &
23 NPPs
11.852 MW g
e
a Ukraine
\  15NPPs
13.107 MW
N, 2NPF under
construction
® o
France
58 NPPs «
53363 MW
°
o), -
6 Nep, f—
~ hr i
Switzerland  ¢zech Republic  © Vithin 100 km Bulgaria
Spain 5NPPs B i PURIE ] = 4NPPs
s 3220 MW 3373 MW Slavenia Slovak Republic Hungary 2722 MW
7450 MW 1 NPP 6 NPPs 4NPPs 2HPP under

676 MW 2442 MW 1755 MW

Status as 24 of August 2008 as reported to IAEA.

Each indicated location can represent several reaclors.



The Fukushima Event: Timeline

source: http://www.iaea.org/newscenter/news/2011/fukushimafull.html

Explosion Reactor 2
12/03/2011 0630 UTC

uake 11 March_

eartha Fukushima plants

Explosion 0630 GMT 12 March

Pacific
Ocean
CHIBA -
|0 200km

1° Message Emercon AIEA
14/03/2011 11.40 UTC

Nuovo Documento di testo.txt
WNXX01 TIAEA 141840
Subject: EMERCON GENF

EMERCON EMERCON GENERAL EMERGENCY

Reporting STATE: IAEA
Reporting competent authority: IAEA IEC

Name of Contact Person: Emergency Response Manager

Insta‘l'latiun name: Fukushima Daiichi UNIT 2
Installation type: BWR

Normal Power: 2381 MW thermal
co-ordinates(Latitude = Deg . Decimal) Lat: 37. 4206 degrees
" (Longitude = Deg . Decimal) Long: 141.0329 degrees

Emergency class: General Emergency

Emergen:y class declared at: 2011/03/14 11:40 UTC

Information VAL

Actual or projected release to envi ronmen

Release to atmosphere: yes
effective release hight: <lkm

actual or pmaected release times:
start time: 11:40 uTC
End time: 03/15 11:40 C

Meteorology at mm/dd  hh:mm uTC:
wind from degrees

wind s| ed ___ metres/second
pasquill stability class: A/B/C/D/E/F
Local precipitation: no

End of message



JIn any moment of decision the best thing you can do is the night thing,
the neat best thing is the wiong thing,
the waeuse thing yeu can do is naething

I Reasvelt

Wednesday 2 Febrary 2011 12UTC ECMWF Forecastt+24 VT: Thursday 3 February 2011 12UTC
n

Predictability Map

Trajectories Model
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Forecasting in a chaotic world

When the present deteunines the future
But
The approximate present dees nat approximatively detevmine the futusre

Optimal
S ARERS o Forecast
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Low-horizon
predictability

E.Lorenz, (1917,2008)




A dynamical system approach to
Meteorology and Climatology

A

Weather

Trajectories
on
the Attractor

Climate
Global dynamics and statistics
of
the Attractor




climate in in a chaotic world ™
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Complexity: the Atmosphere

Nimbus-7 SBUV 1980-89 ozone (DU/km)
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Stratosphere-Troposphere interaction
Stratospheric Sudden Warming

Normalized GPH anomaly {85°N—30°N)
(08Sep2009 — 05Jan2010)
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Example impact: Feb 2009 weather

30hPa Termperature over North Pole (2009-2010)
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Widespread disruption to London transport
services early Feb 2009

I1SIMpSruure
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/ London 5 Feb 2009
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BENL One of the main problems during the period of heavy snow in February was the
dwindling supply of salt held by local authorities. We heard that local authorities
had placed their usual orders for salt before the winter.....when local authorities

ordered more stock, the suppliers "could not respond and deliver".
Commons Select Transport Committee Report on Feb 2009
. @ Crown copyright Met Office
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Temperature

10kPa Temperature over North Pole {2011-2012)

2012 European Cold Wave

Temperature Anomaly [°C)
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Cold Waves due to Stratospheric
Sudden Warming

L-0TI(°C) Anomaly vs 189511980 . January 2006 L—0TI(°C) Anomaly vs 19511980




Complexity:the Ocean

Gulf
Current
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Surface Circulation
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Circumpolar Antarctic Current



The Little Ice Age

Reconstructed Temperature
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La marine hollandaise est a nous!
January 23, 1795

Temperatures registered in the Netherlands
during Gen. Pichegru campaign 794-1795

source KNMI
15 4 ﬂ
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Ei s w;mwmm ! Dutch Fleet
5o ' L#I Position
15 < |
=20

1-10-24 11134 11284 1-1-95 1-2-85  1-3-55 1-4-95

A Squadron of the 8° Hussars captures the Dutch fleet
lJanuary 23 1795

Musée de I'Empéri (Salon de provence)
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The Greenhouse Gamble wheels

The roulette-style spinning wheels depict the estimated probability, or likelihood, of potential temperature
change (global average surface temperature) over the next 100 years. The face of each wheel is divided into
colored slices, with the size of each slice representing the estimated probability of the temperature change
in the year 2100 falling within that range.

The Greenhouse Gamble wheel on the left is the "no policy" or reference case, in which it is assumed no
action is taken to try to curb the global emissions of greenhouse gases. The median value of the "no policy"
wheel, or the temperature at which there is a 50% chance of falling above or below that level (even odds) is
5.2 °C.

The Greenhouse Gamble wheel on the right is the "with policy" case, which assumes that policies are
enacted to limit cumulative emissions of greenhouse gases over the century to 4.2 trillion metric tons,
measured in CO2-equivalent. The median warming level (even odds) is 2.3 °C.

http://globalchange.mit.edu/focus-
areas/uncertainty/gamble




A PRAGMATIC VIEW OF CLIMATE CHANGE

Adaptation and Disaster Risk Management Approaches for a Changing Climate

Reduce Exposure

Increase Resilience
to Changing Risks

Incredse of the mean

Transfer and Share Risks

Approaches

Previous \ New

Prepare, Respond,
and Recover

Transformation

e climate W climate
L \ i
12 ~ Reduce Vulnerability
0 | | I T
ﬁ less cold wave more heat wave
5 events events
t [ [ _\ [ I
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Vulnerability: The propensity or predisposition to be adversely affected.
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THE HOT SPOTS RISK MAP

North Atlantic
Oscillation NAO

NAO+
more
probable

90N
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RCCI: Regional Climate Change Index

Source: ICTP Trieste



The World Economic Forum Risk Map
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Interconnections
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An exercise of economic intelligence
==
5 Categonies

@ @ (] @ @
Centre of Gravity in each Risk Category

Source: WEF

Fragile States

Geopolitical Conflict



the event: Heat Wave in Russia the datum

RUSSIA

B Grain-producing regions
=3 Drought
B Fire

Copyright STRATFOR 2010 wwwW.STRATFORL com

2x1o4
1s  Russian Federation .
16 Grain Export 1
14
1.2

§ 1
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0.2

1%85 1990 1995 2000 2005 2010 2015

source: International Monetary Fund

Moscow:Temperature Anomalies



Westam
Sahara

Mauritania

. Rewvelution - Civil war - Sustained civil disorder and governmentsl changes . Protests and governmentsl changes

Ml Msjor protests
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Minar protests - Protesis outside the Arab world
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monthly price of wheat
1980-2011

The information
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First 20 Countries
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source http://www.indexmundi.com/agriculture/



TUNISIA

TUNISIA EGYPT

Riesplode la rivolta del pane
"Uccisi cinquanta manifestanti"
La polizia ha aperto il fuoco sulla folla a Tala.

La protesta contro il carovita continua anche
in Algeria, dove negli ultimi giorni quattro
persone sono state uccise e circa 800 persone,
tra le quali 300 agenti, sono rimaste ferite

La Repubblica 09 gennaio 2011 ALGERIA




a lesson learned
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Environmental

January 2006 L-0TI{°C) Anomaly vs 18951-1980

Geopolitical

The Russia-Ukraina Crisis

Dependence on Russian gas

Russia’'s decision Parcentage of Russian gas used by natlon in 2007
to cut gas flows ¥y

to Ukraine has -
once again
highlighted
Europe's needs
to reduce its
dependence on
Russian gas, as
the pricing
dispute between
Moscow and
Kiev appears far
from resolution




Left of boom...
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