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* National Security from lens of protecting lives and
material wellbeing
= Population =) Lives
= Gross Domestic Product (GDP)=> Material Wellbeing

* Divergence of global population and GDP dynamics
dominate future national security Shifting Balance

of Power

*The interdependence of these two can
create instabilities and risks
addressable via complexity-science
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Rapid Time Scales
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= Considered the same data and estimates (1960-2050)
that inform domestic and international policy
= All optimistically assume world

1) converges to Western Fertility Rates (Future of 1.85 vs 7.6)
2) converges to Western Quality of Life (Industrialized)

= Explored additional effects of technology transition &
urbanization on optimistic assumptions

= Evaluated robustness of results

Sources and background in slide notes
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» Urbanized, developed countries dominate the map
 Urbanization from industrialization, workers pulled into the city for jobs
» Most urban areas are ports or centers of (international) trade
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» Globally increased urban percentage, but GDP growth lags
 China, S. Korea, & Japan industrialize
« “Blue” Africa economies reflect oil “development”
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BRE000COCEN

Forecast optimistically assumes continued global industrialization
»Used for policy




B 90% - 100%

/ frlca & S. Asia W/I/A'

B 0% -10%
remain unindustrialized

Adding missing effects:

* Intelligent machines thwart spreading industrialization

 Urbanization: Population pushed out of rural areas & into urban slums

» Developed world depends on the resources & strategic supply chains
captured by these megacity ports
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* Developed and developing world have comparable populations
» Color pattern looks like the previous 1960 map...
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Low Income

» The global population centroid is moving South and East
« China is improving, but data show no convergence in GDP/Capita for
Africa and Southern Asia to industrialized levels




The US/Europe each have about 400M people, and globally, 8 billion
unskilled, unemployed people under stress
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Adding missing effects:

« Developed countries challenged by influx of unskilled population

» World depends on stressed areas for resources & to manage migration
« U.S./Allies face persistent conflict & need to ensure global supply chains
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Consequences extend beyond

Regions Under Stress: Africa and Southern Asia
Not apocalyptic, just complex,

* Deindustrialization
* Population
e Climate Change (up to 50% reduced food/water)

requiring complexity-based security
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Resources: U.S. and China must protect same resources &
supply-chains in Africa & Southern Asia

Roles: Russia, Europe, U.S., have diminished global influence
Migration: Magnitude is unprecedented

Proliferation/Deterrence: Challenges to assurances of U.S.
Nuclear Umbrella

Instability: Cascading tensions increase potentlal for confllct
including tactical NW escalation 73 -

Alliances: Benefits, values, and




-------------
ooooooooooooooooo
--------------------------
---------------------------------
------------------------------
-------------------------------

-------------
oooooooooooooo
---------------

---------------
--------------
---------------

---------------
ooooooooooooooo

-----------

-----------
-------------
-----------

-----------
-----------
..........

BACKUP SLIDES
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Economic Growth

Fast Country Growth Cgllj(:lvtvry Growth 201 ‘Eﬁ?:'i S::Wth
Mozambique 600% | Swaziland 103% 497%
Cambodia 654% | Thailand 203% 451%
Ethiopia 511% | Somalia 77% 434%
Kenya 477% | Somalia 77% 400%
Mozambique 600% | Botswana 204% 397%
Ethiopia 511% | Yemen 133% 378%
Ethiopia 511% | Sudan 149% 362%
Mozambique 600% | Zimbabwe 257% 343%
Cambodia 654% | Myanmar 321% 333%
Mozambique 600% | South Africa 280% 321%




Trade dependency is vital to economic health & the key threat to it.

Merchandise trade with China
As % of countries’ total trade, 2014 0-5 5-10 1020 M20-40 W Over 40

Sources: IMF; The Economist




Imports:$/yr
B 508 - $28
B $2B - $10B
[ $108B - $158B
[ $15B - $20B
(] $20B - $258B
‘[ $25B - $35B
[ $35B - $60B
[ $60B - $150B
[ $1508 - $350B
I $350B - $406B

Net Oil Imports in 2015 from all L
countries combined was (only) S
$65B/Yr. Several countries embody

$15B/Yr of critical resources

(titanium, chrome, platinum,

uranium).
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ment in Africa’s Resources

- cmNEsEﬁrrns invested in: ’ DJIBOUTi companies : KUWAIII business

Democratic Republic of Congo, leased land in: deals include:

Worldwide, up to 115 milli
The 21 St- ac‘:;s ::lfair:l‘a’n‘; are Ie":sel:; )

7 million acres acquired Malawi, Unknown area Sudan, "Giant” strategic
ta produce biofuels of farmland pa:nership, details
i H Mozambique, 5800 million unknown
to forelgn |n.ve_stors: and the investmen‘! to quintuple rice === EGYPTIAN businesses
cen ury bulk of thatis in Africa. Food ;Tucdunlson . iovestedine, = tl%vg"df!rms
: anzania, 741 acres n, land secured to old land in:
L] secu”ty and the DUSh to secured for rice grow 2 million tons of Mali, 250,000 acres
Afrlc a n produce biofuels drive the Zarnbln, 49 milcn acres wheat annually of rice fields
. requested for biofuel
land rush. This map shows a 2, = FEE’M“ fimshave | I QARE' businesss
i land in: made deals in:
Ia n d ru Sh samplmg of reportEd land Ethiopia, over 32,000 Kenya, 99,000 acres
deals in Africa. acres to produce of farmland in
biofuels exchange for funding
$2.3 billion port;
INDIAN corporations Sudan, joint holding
invested in: company set up to
Ethlopln,ﬂi:‘bllliun to invest in agriculture
produce ers and
foodstuffs ﬂ 3Ali“|“ ARABIA has
eals in:
Sudan, 2.27 billion acres
= {?&?ﬂ%“ Hrzs leased for foodstuff with
Sudan, 60,000 acres for 60 percent Saudi

crops and I k g ?U“d_"!g-'
Tanzania, 1.25 million
acres sought by the
Saudi government for

«= food production

- = SOUTH AFRICAN
organization holds

land in:

The Republic of Congo,

24.7 million acres rented

by the South African

farmers’ union, AgriSA

‘@ SOUTH KOREA ras
firms with land in:
Sudan, 1.7 million acres

ETHIOPIA

PROJECTS (acres) SHARE*

Sudan 132 98milion 78 of wheat fields
M bi 405 6.6milion 53
- DEM.REP. N mm= SWEDISH businesses
Liberia 17 40milion 7 OF CONGO = g = invested in:
Ethiopia 406 29million 49 *proportion A Mozambique, 250,000
Cambodia (Asia) 61 24milion 70 g;e;ea held Scims o pecchce
Nigeria 115 20million 97  jnvestors
= UNITED ARAB
KEY COMMODITIES DRIVING LAND USE CHANGE, 19902007 EMIRATES has fems
AREA CHANGE PERCENTAGEOF a Sudan, 930,000 acres
2007 1990-2007 LARGE-SCALE KEYCONTRIBUTORS [ 1 N i
COMMODITY  (millions of acres)  OPERATIONS (% of net increase)** . ol orfocd peodhichicn
China (29%) £J= UNITED KINGDOM
Corn 390 67 52% et L sinesses invested in:
esia Tanzania, 110,000 acres
Oil palm 36 20 55 Malaysia (26) Nigem"and purchased for biofuels
Myanmar (38) Thailand (21)
Rice 85 2 4 inoesiin__ = UNITED STATES has
inada (32) In T firms with land in:
Rapeseed 74 30 85 France (8) ; Sudan, 1 million acres
Soybean 222 81 78 ;\nrgm:l;\;m) Brazil (28) acquired
Russian Federation(d1) £
Sunflower 67 10 90 Utaine (38) Myanmar (10) 500 mi
Sugarcane 57 15 55 glr:znl‘:[(l’? India (29} 500 km
China (35) US (18)
fPolanml fion 343 9 B2, RussianFederation (12)
SQURCES: Food and ¥ i ** Changes in crop area may include substitution for other crops as well as area expansion RICH CLABAUGH/STAFF
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RN Total Fertiity Rate (Children per Woman) in 1960-65

Slow to Change (total fertility rate: children born per woman)

1950-1955 20M0-2015
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Africa
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Libya
3 =~ Oceenia
Asia
Tumizia
) T e T
Replacement rata: 21 children North America
Europe
. African countrigs — " Mauritius
= African countrias: most dramatic changes in fertliny o
m World ragions

o - Scientific American Feb 2016 L
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Management, Business, and Financial 400M

I Computer, Engineering, and Science : Low N : Medium . : Hish . {
Education, Legal, Community Service, Arts, and Media 33% Employment 19% Employment 47% Employment |

I Healtheare Practitioners and Technical I0M -
Service

I Sakes and Related
Office and Administrative Support

[ Farming, Fishing, and Forestry
Construction and Extraction

B [nstallation, Maintenance, and Repair
Production

I Transportation and Material Moving LOOM -

200M

Employment

The Future of Employment, 2013 OM
0 0.2 0.4 0.6 0.8 1
Probability of Computerisation

The rizk of jobs being replaced by automation varles by country
Source: World Bank Development Repart (2016}
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Technology at Work v2.0. 2016
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.. 50.503.000
2016

Male_AEemale

Click on a Year: E

Population Size

38M people
in 2100

50.503.000
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Niger
. 16.291.000
2010

100+

B85-80

Male—1IFemale

50-54
45-40
40-44
35-20

Click on a Year: B

Populstion Size

210M people
in 2100

16.281.000
year

fasace

Click on a Country:

A B C D E
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Namibia
Netherlands
New Zealand
Northem Africa
Northern Europe
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New Caledomia
Nicaragua

Nigeria

NORTHERN AMERICA
Norway



Aging, developed
countries easily
overwhelmed by
unskilled immigrants.

The migrants are largely unskilled and provide
<< 1.0 benefit per person to skilled host countries.
10.2M total out-migrants (France: 2.9M)
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Aging developed
countries desperately
need skilled immigrants.

Chinese emigrants are highly skilled and provide

>100 benefit per person to low-skilled host countries;
>1.0 benefit to skilled host countries.
10.6M total out-migrants (Indonesia 63K)
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Aging Russia faces
major ethnic transition,
_ all from Former Soviet
A Philigines Union migration

1 ldnd /
i Nauru

JCpakistats ' \Magsm
& Tuvalu
MaHlves TS \%‘{:%ldﬁbn Is.
rﬁtp‘-Léste

| ; © Vansatu
omoros  Seychelles .
SouthpAfrica ; ia
f Mauritius

New Zealand

i) VJ

Uzbekistan |
aiwan

‘ape Verde g

Palau Micronesia

11.0M total in-migrants (Ukraine: 2.9M)
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UK Met Office 2016

Red designates: Food shortage > 30%




I In the climate crosshairs

2009, areas affected by: D Population below the poverty line, 2010, %:
B floods M tidal surges [O=<1s M1z MW2383 W34 -0
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Sources: World Bank; Bangladesh Bureau of Statistics; World Food Programme




= Green = Collective Security Alliances (2015)

= Black = Sensitive Countries (public version - 2015)




= Green = Allies
= Black = Sensitive Countries (public version)
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ty as a complicated system

Too many threats, too much surprise

Prevent Defeat Recover

Resilient to the
many and varied
consequences

Mitigate threats Strengthen ability
as they form to counter threats

National Security Goals*

Agile Adaptation

Evolving complexity and ease of empowerment require new
culture of adaptability and security

*From Technologx-Emeowerment GF



Too many threats, too much surprise, no assurances

Detect/ Isolate/ Reengage
Dissipate Secure Resilient to the

Mitigate threats Strengthen ability many and varied
as they form to counter threats consequences

National Security Goals*

Agile Adaptation

Evolving complexity and ease of empowerment require new
culture of adaptability and security

*From Technologx-Emeowerment GF
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Sandia knows complexity-science:
1400, 5600, 6100, 8900.

It is not possible to predict the outcomes of
a complex system.

« |tis possible to identify undeniable and
unacceptable risks.

 Itis possible to characterize the means to
manage those risks.

Sandia has the technical capabilities for
managing the risks.




