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Goal - To create a comprehensive set of info-murals and
diagrams for global climate and sustainability issues
to aid analysis, learning, and negotiations
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Inundated by Data

i Meetings and
Satellite telemetry , v
and data transmission videoconferencing
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Fragmentation, incoherence, and uncertainty




Social messes
also known as “ill-structured” or “wicked” problems

“We have also come to realize that no problem ever exists in
complete isolation. Every problem interacts with other
problems and is therefore part of a set of interrelated
problems, a system of problems. For example, the race
problem, the poverty problem, the urban problem, and the
crime problem, to mention but a few, are clearly
interrelated...English does not contain a suitable word for
“system of problems.” Therefore, | have had to coin one. |
choose to call such a system a mess.”

4

Russell Ackoff (1974)




Social messes

also known as “ill-structured” or “wicked” problems

A social mess is a set of

interrelated problems...

and other messes.

4




Social Messes
Representing Wicked, IlI-Structured Problems

No unique "correct" Ideological Many possible
i e problem constraints intervention

Political
constraints

Resistance
oo S :l—-'-—2=1 to change
$Constraints 5#
J’ $$$5$55555$%

Often a-logical
or illogical or
multi-valued

Copyright 2009 R. E. Horn



Social Messes-2
Representing Wicked, llI-Structured Problems

Different views of problem and
solutions are contradictory

—— ) R
A

the

problems

ithe
solutions

Problam
solver out
of contact
with the
problems

and
solutions

Copyright 2009 R. E. Horn

Most problems are
interconnected to
other problems
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In my way of thinking...

all we have to think wit

Mental Models

h are

definition
/\;}.“-EFTTTJ-J dels

m
J 1. "stand for" some thing, event, process,
relationship, etc. (or a bunch of these). syn.
thought chunks, concepts, ideas -

| S0 thﬂ_t We can
and by necessity
leave out much

Note: "Model" is a
I'I"I'Eiﬂﬂlhﬂl' word

which might be a rough
synonym for "concepts”
or "ideas"”

understand describe organize  predict control
our world our world our world our world our world i

feel safe code and communicate
nourworld remember ourworld to
our world others

2003 R. E. Homo Al rights resarved




all models

have these properties in
varying degrees

Generality Precision Reality




Generality, precision, and reality
— properties of mental models

Generality
|

which can be
defined as

the scope in space and time to
which the model applies

for example

cosmological models typically
cover the entire universe,
biological models cover all or
some limited part of the
biosphere; behavioral
models may be limited to a
particular political system

2003 H. E. Hoen. All nghits resanved

Precision
|

which can be
defined as

the degree to which the
components of the model are
well defined, measurable,
and measured.

for example

cosmological models can have
considerable variation in
precision in their mathematical
variables; many ecological
models have considerable
variability in their quantitative
information

|
Reality

whicﬁ can be
defined as
I

the degree to which the
detail within the scope of
the model are represented

|
for example

there are different
cosmological models for
galaxy information and
compaosition of the interior
core of the moon;
population bioclogy models
vary in the degree they
treat individual organisms
and the feel of fins and fur



Model Calibrator

Model Calibrator

High

."Generality. -
Reality |
Precision |—

@ 2003 R. E. Horn. All rights reserved

Comments |

Applies to all humans
Little detailed description
No metric used
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Global Climate System and the
Greenhouse Effect
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Pathways
Map
The Context

for thinking
about the
next 50
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Model Calibrator
Horn's Climate Pathways Diagram

Model Calibrator

Low Comments

Generality Applies to whole planet. 50 years
Reality | Little detailed description-pretty abstract

Precision |we Few, variable metrics

Notes:

@ 2009 H. E. Horn




One way of looking at

possible future climate
change pathw

V.9

Driving forces of
inertia, special
interest profits,

implementation

delays

Business
As Usual
Path

Global average
temperatures now 0.5
degrees Centigrade
iabove pre-indusirial
levels)

yS

WORLD ENERGY
DEMAND WILL
GROW about 40%
by 2030 in the
"business as
usual" scenario of
the International
Energy Agency,

occur

rence

Early warning shocks possibly

1., any or all of the following become a frequent occur-

- material damages in excess of $500 billion [or]

- more than 30 million displaced persons [or]

- deaths over 10 million directly or indirectly caused by
climate related phenomena

Example;: 4 or 5 Katrina-like events within 10 or 5 years

Uncertain vanable fin

as early as 2(

Locked into  nteraction of m
Business As "Tipping Points"
Usual Path

Uncartain variable timing .

as early as 2020

trigger possible
cascades

Prompt and successful Implementation of
major changes to clean energy use

For the world

Substantially reduce emissions of
greenhouse gases 80% or more below
1990 levels by 2050; and promptly make a
strong post-Kyoto agreemant that would
include

-aconomic disincentives for greenhouse gas

rbon taxes

-aconomic incentives for preserving natural
carbon sinks such as rain forests
-aconomic incentives for rapidly developing
countries like China, India, and Brazil to
inupadiatqlr I:l_egin using. t?ast availahlal .

emissions, such as "emitter pays" schemes or

For the USA

Promptly adopt clean energy policies that
would include
- cap and frade system

or
- carbon tax to reduce emissions of
greenhouse gasses B0% or more below
1990 levels by 2050

and
implement massive renewable energy
infrastructure

and
implement an Apollo-like project to change
energy generation and use

-



Fork in the Road - 1
2009-2010

/"N

Clean Business
Energy as Usual




We are on
the
Business as

Usual
Pathway




V.9

Driving forces of
inertia, special
interest profits,
denial,
implementation
delays

Business
As Usual
Path

TOday Clean
Energy

Global average
temperatures now 0.5
degrees Centigrade
{above pre-indusirial
levels)

) 1

Currently US budgets for
clean energy and other

climate change mitigation
R&D have been decreasing

Climate Change Research Pat

WORLD ENERGY
DEMAND WILL
GROW about 40%
by 2030 in the
“business as
usual” scenario of
the International
Energy Agency.

occur

rence:

Linceraln vanabie timing

as early as 2020
Early warning shocks possibly

&, any or all of the following become a frequent ooour-

- matenal damages in excess of $500 billion [or]

- more than 30 million displaced persons [or]

- deaths aver 10 million directly or indirectly caused by
climate related phenomena

Example: 4 or 5 Kalrina-like events within 10 or 3 years

cascades
-

Prompt and successful Implementation of
major changes to clean energy use

For the world

Substantially reduce emissions of

greanhouse gases 80% or more below
1990 levels by 2050; and promptly make a
strong post-Kyoto agreement that would
include

-economic disincentives for greenhouse gas

emissions, such as "emitter pays" schemes or

rbon taxes

and

-economic incentives for preserving natural
carbon sinks such as rain forests

-economic incentives for rapidly developing
countries like China, India, and Brazil to
immediately begin using best available
tacr:nulugiﬂs for renewable energy and clean
coa

ﬂma

R&D breakthroughs on clean energy

capture and storage, and behavior change about
ene y consumption occur that can be i
prevent dangerous interference with

\ery uncertain variable timing

For the USA

Fromptly adopt clean energy policies that
would include
- cap and trade system

or

- carbon tax to reduce emissions of
greenhousa gasses B0% or more balow
1930 lavels by 2050
and
implemeant massive renewable energy
infrastructure
and
implament an Apollo-like project to change '
enargy generation and use |

, carbon

ted in
imate

WILD CARD




Model Calibrator

"We are on the Business as Usual Pathway"

Model Calibrator

| Low High |Comments

Generality Applies to present

Reality | Detailed description of energy use available
Precision | Few Kyoto goals have been met |
Notes:

= 2009 H. E. Hom



Fork in the Road - 2

Early Warning
Shocks

o\

Clean Business
Energy as Usual




habibe g - Two b il Frrde A Candd BT

Era of early warnmg shocks

What are early warn-
ing shocks?

There will likely be one
or more early warning
shocks (EWS) in the
2010-2025 timeframe

LA

(like Hurricane Katri- 10 million 30

million 500 billion
na). When there are deaths in  OR efygeesin °F iamagas in
sufficient early warning one year one year one year

shocks close enough
together to produce P
globally intolerable im- Compare with Hurricane Katrina (USA) 2005
pact clusters, country
leaders and their popu-
lations will be fright-
ened enough to act.
They will finally really
believe what scientists
in the IPCC have been

predicting. 1,836 200,000 $ 84 billion
deaths in  OR  afygees in °® damages in
one storm one event one event

© 2009 R.E.Horn




Examples of plausible globally intolerable events

| n Million De
l'l | El:v’lgntals Ravages of

iqrations | War in
|| Migrations in China, Ve
I'| | ?‘:?itairc':rfe gast, and Starvation in
\| Africa Blamed

—

 between 20 B

II IE||||
| [P e
'.I ; between 2020-2050 [§

| ' Waves of Refugees
~ Attempting to Enter
Every Border of Europe,
America, and Other

l'll\i between 2020-2050 [N

$500 Billion Bill
Insurance Indust
Staggers Under Global
Warming Damages
Losses are Greater Than

Predicted in the Early Part of
‘ the Century

Cpuntries are Met with
Violent Anti-Immigration

ﬁ.




Key question

Will we be
lucky and the

early warning
shocks
happen soon?




Key question

How close
are we to
being locked

into the
Business as
Usual
Pathway?




Key question

When is it too
late to get off

the
Business as
Usual Pathway?




One way of looking at
possible future climate

change pathways
-

Driving forces of
inertia, special
interest profits,
denial,
implementation
delays

domand will grow
about £0% by 2030

In n “business as
usual™ scanario

as e;rty as 2020
iy RO +

Research project
in idea stage

Two Diagrams

as early as 2045
Interaction of multiple
“Tipping Points” begin to
trigger possible runaway
cascades

Locked into Global average

Business As
Usual Path 4

Forced transition
to clean energy
path

a; .. Iy‘r il; 2‘&‘!45
More rapid, abrupt, and

dangerous climate change
phenomena begin

Examplos

- Widespread drought
- Rapid melting of glaciens

- Monsoan shifls /

I Scer
M.

L]
Very messy but localized

o Info-Mura) I

aybe as early as 2055 I ' Maybe as early as 2065

Lucalized tensions
strain global relations
and lead to possible
widespread chaos

economic and political
effects, disruptions

Examples

- Possible lange-scale wars over
water, food, and mass migrations.
+ Permanent disruption of larga
urban areas

T

ble Development Info-Mural

Just in Time) and

Currently US budgots for
clean energy and other
climate change mitigation
RAD h n decroasing

e
stratosphere (o block suniight
-Deploy & 3

Space 1o

Diagrams of
Governance Issues

World Business Council for Sustainable Development

MacroVUE Analytics
Rinbarl E Hom

Eimniord Ureversity  bon oot
L18TTETITT _ Copyrig 2008 RE. Ham
[




Uncerain vanable fming

as early as 2045

Lincerain vanable fming

as early as 2045 Global average

Interaction of multiple  |avried s
"Tipping Points" begin to (above pre-industrial
trigger possible runaway levels) 5.4 degrees

cascades Fahrenheit

phenomena begin

Examples

More rapid, abrupt, and
dangerous climate change

- Widespread drought sﬂ
- Rapid melting of glacie d
Iﬂiilhlr - Monsoon shifts -:r:;
g : - Severe water shortags indi
SRt eeru: Forced transition - Shifts in warm ocean tha
it to clean energy [t o
 caused by path hav
in 10 or 5 years ;:,':: :.:c
of x r:lﬂl:;r World lear
B abrupt cli
shocks l‘appnni“ﬂ
» USA happen early geo-engin
enough... changes ii
ean energy policies that dangerous
tem
ice emissions of
Ei B0% or more below
saWahiS eety Clean Energy (Maybe Just in Time) Path

o-like project to change L n |
and use ] A /\ ‘ T— l ‘p -



What is a climate tipping point?

Climate tipping points are large, disruptive
natural phenomena (usually occurring in a
specific region) that could lead to more rapid
and abrupt regional and global changes in
climate. They are tightly linked by feedback
loops that are likely to cause self-reinforcing,
accelerating, and potentially irreversible
climate changes. Schellnhuber (2004) has
identified 11 major natural phenomena he
calls possible tipping points. Others name 13
and 14 of them.




What are the tipping points?

- Increased intensity of the Indian Monsoon or Decreased intensity of
the Indian Monsoon

- The transformation of the Amazon rain forest into a savanna or
desert

- The slowing or shut-down of the North Atlantic thermohaline
circulation

- The release of large amounts of carbon from permafrost peat bogs in
the Arctic

- The slow-down of the ocean upwelling of the Antarctic Circumpolar
Current (ACC)

- The release of large amounts of methane stored in frozen sea floor
sediments

- Accelerated melting of the West Antarctic Ice Sheet

- Accelerated Melting of the Greenland Ice Cap

- Accelerated melting of the Tibetan Plateau in Western China
- Increased thinning of the ozone layer around the world

- Increased frequency of El Nino weather events

- The spread of vegetation over the Sahara Desert

= 2009 R.E.Horn




Dangerous interferrence with the climate system risks self-
reinforcing feedback from climate tipping points beginning
by 2040 and maybe sooner continued growth in greenhouse

gas emissions (mainly carbon
dioxide and methana) CAUSES  of—

increasing atmospheric
concentration of greenhouse

Rising ocean

585

ga lempearatures and
CAUSES - «a rising feri 152 1 - thawing of frozen sea

floor sediments
average global causes  mm—l

causes fmmm temperature...

Relaase of The spread of  |Increased  Increasaed Accelerated malting of the

large vegetation over  frequency of thinning of the ﬁ;ﬁgﬁme ﬁ'{;ﬁarﬁie West Antarchic lce Sheet
amounts of the Sahara El Mina OZOme [ayer Tibetan Plateay Gréen?am:l lce

carbon Desert waathar around e in Weslern China ¢

from dying events warld Cs

plants and The release of The slow-down The releasa of
the loss of

large amounis  of the ooean  large amounis
8 large The transformation of

The slowing  of carbon from  upwelling of the of methane
natural the Amazon rain forest r;c;ﬁ:i?f;r th n"l-“*;l:f;ﬁ':r' the O 5|—.u1..;:|..;..,|.gn permafrost peat .ﬂ.mrﬁi:? stored In
Eifrl.lri?l:lﬂ inta @ savanna or desart Incian R E;ian ¥ of the Morth  bogs in the Circumpolar  frozen sea

Mansoan M s Atlantic  Arctic Currant (ACC) floor sediments
thermohaline
CAUSES circulation

Causes iy

= 2009 R.E.Horn



Possible Climate Tipping Point Cascades v. 2.0

Introduction

This diagram outlines the
possible imer-relsted effects
that 11 climate tippéng points
may have om each other
camsing them b “cascade.”
The arrwws represent
{usuallyh some theoretical o
empirically-based camsal
Influence.

5i

This is a simplified diagrans
that does not represent all of
the possible feedback koops
I the chimate sysiem,

What Is a climate tipping
nt?

Climate tipping points ane large,
disnuptive natural phenomcna
(usually occuing in a spocific
region) that could lead 0 more
rapid and abrupt regional and
global changes in climate. They
are tightly linked by feodback
Joogs that are likely 10 camse
self-reinforcing, accelerating,
and potentially imeversibie
climase changes. Schelinhiber
(200M) hias Wentificd 11 major
natural phenomena be calls
possible tipping points.

Example

As the concentration of CO2 in
the mmasphere inceeases, the
average global temperatun: has
been increasing. Temperature
increases in the polar regions
will likely sccelernte the melting
of the buge West Antarctic loe

Sheet {ane of the fipping points).

This could raise sea levels
arvund the workd by up o §
meters (=16 feet), which in tem
coald speed the melting of the
Greenland loe Sheet (another of
the tipping points).

Both of these lipping points
Increase sea level, which
coukd melt the eastern Siberian
Pesmafiost (a thard tipping
point), caissing the release of
larpe amounts of methane gas,
The methane gas release

Uncertainty. There i a
comsiderable degree of ursenainty
in the science of imeractions of
large climate subsystoms (which is
ane way we can think about
elimate tipping points), This
dingram represents what

ly increase
the ficct and el l n, and
funher increase average global  frequently sotes the snceraingy.
temperatures. This is pastone  Potentially’ denotes an event which

cxamgle of how global
warming can bring abowl a
cascade of different climale:
changing events ilusirated in
this diagram.

may accur with a probability
greater than pero. ‘Likely’ denotes
an event which may occur with a
probubility prester than S0% .

3
—

START HERE
sV

atmoespheric concentration
of groenhouse gases
1

..causos..,

the atmosphere to retain

<«

i

|

%ia “ir

g g_'.i
o

Indicates the specific tipping point
phenomena

Major consequence or outcome that results
from the changes caused by a tipping point
Indicates the direction of a process in the
diagram

Thaeks,
Bot Hom, Stanford University.
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Self-refinforcing tipping point interactions
increase urgency to stabilize climate
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Trajectory of Global Fossil Fuel Emissions

10 o0-year
el Actual Emfsmlnns: CDIAC constant
—— Artual E!H'IISEI:L':IHEZI ElA, growth rates
9 - — — 450ppm stabilisation
= = {5H0ppm stabilisation A6 ~ 02030
e AT w05 @
8 AlB = B1  1.1%,
—_— AT == AR 1.7%,
; - A2 18%
ARl 2.4%
I~ _—
: B Observed
’ 2000-2006
5 5 | . . _ | 3.3%
; 1990 1995 2000 2005 2010

Bymach et 2007, PHAS
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" [Holding] climate constant at a given
global temperature requires near zero
future carbon emissions. .. . As a

consequence, any future anthropogenic
emissions will commit the climate system to

warming that is essentially irreversible on
centennial timescales.”

Matthews, H. D., and K. Caldeira (2008), “Stabilizing climate requires
near-zero emissions,” Geophys. Res. Lefl.




‘Palaeoclimate data show that the Earth's
climate is remarkably sensitive to global
forcings. Positive feedbacks predominate. This
allows the entire planet to be whipsawed
between climate states. . . . Recent greenhouse

gas emissions place the Earth perilously close to
dramatic climate change that could run out of
our control, with great dangers for humans and
other creatures.”

Hansen et al, Phil. Trans. R. Soc. A (2007).




Whereas MACHINES

* can be taken apart, analyzed, and fully
understood (they are no more than the sum
of their parts)

exhibit "normal” or equilibrium patterns of

behavior

show proportionality of cause and effect,
and

« can be managed because their behavior
predictable . . .




COMPLEX SYTEMS

« are more than the sum of their parts (they
have emergent properties)

can flip from one pattern of behavior to
another (they have multiple equilibriums)

show dispronortionality of cause and effect

(their behavior is often nonlinear, because
of feedbacks and synergies), and

cannot be easily managed because their
behavior is often unpredictable.




In a complex, tightly connected
world exhibiting increasingly
frequent and severe system
shock . . .

the balance of economic and
soclal Investment should
shift away from efficiency
towards resilience.




Key implication

If the tipping points
cascade starts
happening, then the

system flips in a non-
linear fashion...

and we are In for
chaos and catastrophe




Uncerain vanable fming

as early as 2045

Lincerain vanable fming

as early as 2045 Global average

Interaction of multiple  |avried s
"Tipping Points" begin to (above pre-industrial
trigger possible runaway levels) 5.4 degrees

cascades Fahrenheit

phenomena begin

Examples

More rapid, abrupt, and
dangerous climate change

- Widespread drought sﬂ
- Rapid melting of glacie d
Iﬂiilhlr - Monsoon shifts -:r:;
g : - Severe water shortags indi
SRt eeru: Forced transition - Shifts in warm ocean tha
it to clean energy [t o
 caused by path hav
in 10 or 5 years ;:,':: :.:c
of x r:lﬂl:;r World lear
B abrupt cli
shocks l‘appnni“ﬂ
» USA happen early geo-engin
enough... changes ii
ean energy policies that dangerous
tem
ice emissions of
Ei B0% or more below
saWahiS eety Clean Energy (Maybe Just in Time) Path

o-like project to change L n |
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FOREWORD BY KOFI ANNAN
SECRETARY-GENERAL, UNITED NATIONS




Business as Usual Leads to Likely Climate Change Scenario of Chaos and Catastrophe ..ot quit the worst case scenario...

. oﬂbﬂ > Era of mass migrations begins M Era of social chaos begins
25 )

ECONOMY

ENERGY

CLIMATE
EVENTS




Model Calibrator

Chaos and Catastrophe Scenario

Model Calibrator
_ Low High |Comments |

Generality | me— Applies to whole planet. 50 years
Reality Detailed description-Not regionalized
Precision s Few, variable metrics

Notes:

@ 2009 H. E. Horn
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U.S. Great Plains Area
‘and Canada Suffer
Twentieth Year of Deadly

Drought and Dry Soil
World's Most Productive Lands
' Turn to Dust, Darken Skies, and
Bury Whole Farms and Towns

2040

Bukhara and Tashkent
in Central Asia Faced
with Forced Evacuation
of Residents and
Closing of Industries
Due to Water Shortage

Widespread
disruption
of water
supplies

P12

gh.

_2035 | ] i ] ]

Over 100 Million Dead
in China, India,
Pakistan, Bangladesh,
Indonesia, and Other
Asian Countries from
Famine and Disease

Outbreaks 516

1 1 1 |

[,

2043

Over 3 Billion People
Worldwide Have No
Safe Water

Up from One Billion Just a

Few Years Ago
p12

-




Plague Outbreak in
Russia and Central
Asia Attributed to
Increasing Rat

Population
Qutbreak Death Toll

African Fires
Reduce Size of
Tropical Forest
Area by 40%

Amazon and West

o

as early as

Killer Bees Wreak
Deadly Havoc in

United States
New Strain of Bees
Frightens Population

Southern and Western

p-15




World Business
Council for
Sustainable
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Vision 2050




My job for the
WBCSD project:

Synthesizer

and
Visualizer




Design Task 1

Analysis

and
Synthesis
Approach




Challenges

Economy

Economy that relies on both labour force
growth and improved technological
productivity to underpin economic
growth; undervalues ecosystem services.
People
Unsustainable population scenarios;
poverty and deprivation remain in many

parts of the world
Governance

Ineffective governance structures,
in particular inability to adequately
address global challenges in an
increasingly multi-polar world

Energy, Industry & Resources

Depletion of finite

resources; growing level of

harmful emissions, T

including GHG emissions Environment

Degradation of ecosystem
services; destruction of

habitat and species




Governance N\

ncluste ang efiective govemance at al
leves that can adeguaiely address the
chalianges and evabie apprpriate solitions
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Toward a Bountiful, Just, Sustainable World 2050 - 2100

==




How does the world achieve the WBCSD's Vision 2050?  version 0.3 summary sketch straw person s

(Al
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Wind continues to be sigaificant soerce.
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2050 | Beyond 2050 >>>
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Backcasting approach

- start with our Vision 2050
- ask "for the Vision to be
accomplished in 2050,what has

to happen in
- 2040

- 2030
- 2020
- 2010
(in each of the sectors, e.g.
energy, food, water, etc.)"”
- determine the linkages

between sectors




What energy changes have been accomplished in the last 45 years?

Renewable Energy Sources Built Over the Past Four Decades

Number built each decade
2020 2030 2040 2050 Total by 2050 Units

Nuclear +B60* +200 +1,820 +0 2,080 1000 mw nuclear plants
Biomass +100 +1,000 +1,000 +1,900 4,000 50 mw biomass plants

Onshore +5,000 +11,000 +15,000 +25,000 56,000 4 mw wind turbines
Wind

Offshore +15000 +25,000 +45,000 +65,000 [790,000 2 mw wind turbines
Wind
Geothermal +0 +0 +2.000 +50,000 | 52,000 100 mw geothermalunis

Solar PV +150 +4.000 +2,225 +2225 8,600 million meters squared

solar panels

Solar CSP +200  +800 +900 +1,300 3,200 250 mw CSP plants

Coal-fired +0 +120 +580 +700 1,400 500 mw CSS plants
CCs

Renewable Energy Projections Based on |IEA BLUE Scenarios sourte: IBA BLUE Scario 30i0:3050

Or some roughly equivalent mix
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———=— The Global News ————

Nuclear Contributes

Total Addeifi;;ﬁ;ﬁ”"‘“" —

6% of CO2 Savings
32 Nuke Plants Built Each Year

Since 2005
Nuclear Now 1/4 of Power

Generation

Investment in the Power

Sector Sj
Trillion Us ¢ 200% $0.7

NsSmissio
n
osts

Distribution C

—
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——=—— The Global News —

46% of Global
Power Now Comes

From Renewables.
Renewables Account for
21% of CO2 Savings




'I"‘:il"ld Becomes Major SCFI..IFEE] Nuclear Industry
: g?:.d Energy Production Continues to Build
S Global Industry Installs at Plants

Least 140,000 More Turbines Acceferafe N'E’f'l" ’
able 20350

in_ Dil:ﬂﬂﬂ Since 2030 to Meet S;ﬂst;:; Plants

— = Goal of 990 58 —— i,

[ 1| 2040 S I
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s | | |
Landmark 6,500 Square \
Miles of Solar

Itaic Cells! ' _[_IJ
Photovo o m

Milestone Inspires
lebrations, as IEA Repor —
g‘?awth Between 2010-204( | Magnifying the Sun

m_a 3,200 New CSP Plants

= Since 2010, each 250-
megawatt-- Provides 20
new gigawatts annually




Design Task 2

Large
Structure of
Panoramic
Information
Mural










Vision 2050

The Role of Business in a
Constrained World
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Much of the
“"backcasting”

approach we are using
in WBCSD leads us to

the
Governance
Dilemmas




For the past 20 years, humans
have exceeded global biocapacity

22 BJ the mid
2.0 2030s we'll
need 2
planets

1.6 _
Current overshoot Red _liI'IE is

1.4 beyond projected
biocapacity overshoot

1.2 (30% of a plane beyond
biocapacity
1.0

0.8

1.8
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0.6
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Source: Global Footprint Network website (2008)




What's new in goverance?

New and different organizations have bcome powerful

institutions in the global context

New powerful transnational companies and organizations with
their own agendas (e.g. emergence of powerful NGOs and
transnational corporations with incomes larger than many nation

states)

Overwhelmed by rapid changes in technology
Issues are overwhelmed by Policy formation is
information and communication overwhelmed by rampant,
technology (e.g. the need to largely unregulated technology
reinvent taxation in e-commerce (e.g. biotechnology)

and the internet)

Issues of the commons
The issues are often management and allocation of common resources belonging to nearly
everybody and every nation or to nobody and to no nation. And different aspects of issues

encompass different countries e.g.allthe e.g.allthe e.g.
fishinthe atmosphere everybody's
ocean climate

Issues with long-term, high negative consequence
The issues are urgent and have a probability of major negative high
consequences to humanity and human civilization for hundreds, if not

thousands, of years.
Copyright 2008 R. E. Hom



NO INSTITUTION REPRESENTS THE GLOBE A

ﬁnnngnvemmental organizations have
proliferated to represent the interests of civil

society, business, labor, and religions on issues
such as environmental protection, property
rights, workers' rights, poverty reduction,
financial stability, and the promotion of
democracy and transparency in government.
Many of these organizations, both
governmental and civil, are effective advocates
for the interests that they represent, but none
can be said to represent the interests of the

uﬂr]d as a whole." J

Boughton Bradford (2007)




NO PLACE FOR A CONTINUING CONVERSATION OF
WORLD LEADERS ON WHAT TO DO

UNCOORDINATED AND FRAGMENTED GOVERNANCE
No current institutions are available that cover these interlocking issues
adequately. There is a lack of a comprehensive system of oversight.

Different aspects of the issues encompass different countries and overlapping
world institutions and ad hoc groups of states trying to act as executive or
steering committees.

OECD

Austria
Czech

Republic
Bariaai G20 Group of Twenty Argenties
Finland Australia China
Greece Mexico India
Hungary South Korea Indonesia
Iceland Turkey Saudi
Ireland European France, Germany, Japan, Russian Arabia
Korea Union United Kingdom, United Federation | ¢,,,th
Luxembourg States Africa
New Zealand
Norway
Poland G10-Group of Ten
Portugal
Slovak

Republic Spain Belgium, the Netherlands,

) Sweden, Switzerland

Taiwan (joined as an

observer at conferences) @ 2008 K. E. Horn




NO PLACE FOR A CONTINUING CONVERSATION OF
WORLD LEADERS ON WHAT TO DO

Ad hoc governance groups
(e.g.G8-G20, etc) don't work well
because because they don't have
effective, ongoing secretariats, and

mostly meet and issue declarations
and communiques

© 2009 R. E. Hom



NO PLACE FOR A CONTINUING CONVERSATION
OF WORLD LEADERS ON WHAT TO DO

COUNTERBALANCING COALITIONS
TO THE OECD AND G8 ARE
EMERGING

Shanghai Cooperation
Organization (SCO) China,
Russia, Kazakhstan, Kyrgyzstan,
Tajikistan and Uzbekistan

South Asian Association of
Association For  SoutheastAsian
Regional Nations

Brunei, Cambodia
Indonesia, Laos,
Malaysia, Myanmar
(Burma), Philippines
, Singapore,
Thailand , Vietnam

Cooperation
Bangladesh, Bhutan,
India, Maldives,
Nepal, Pakistan and
Sri Lanka.

@ 2009 R, E. Horn



DISFUNCTIONAL INTERNATIONAL
MONETARY FUND

Voting. Majority decisions at the IMF require
representiatives of 35 countries. And U.S. can
veto --the only country which can. Any coalition
of 3 or more countries with a total vote of 15 %
can also veto decisions.

@hanges in the distribution nﬁ
votes (in the IMF) and influence
have lagged far behind the i
evolution of the world economy, | . #22
with the consequence that the
oversight of the international
financial system has become
less and less accepted as

@Iitica[ly legitimate." )

&

Boughton Bradford (2007)




"Solutions” often affect a democratically
elected government's ability to maintain
committment from its electorate (e.g. poverty,

foreign aid)

€ 2009 R, E. Hom




COML DEPOSITS




SOLUTIONS OFTEN ARE BENT OUT OF SHAPE BY SPECIAL

INTERESTS affecting government decisions by financially

influencing elections and regulation

Car
Petroleum makers
industry
/7 Gas mileage
Auto labor for autos and |
unions _ trucks —
| _
N
Farm lobby

for ethanol

Association of
Convenience

Stores (which sells
85% of the gas in
the U.S.)

Food
producters and
distributers

© 2009 R. E. Hom




Many UN agencies are
weak and underfunded
and uncoordinated

Perceived
Decline In
Effectiveness

Of United
Nations

4

2 2009 K. E. Horn
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We will have to feed at least 3 billion more people in the next 50
years...with this institutional arrangement

We have fragmented and uncoodinated governance to
address overlapping energy-food-climate scarcity issues
Top 10 These 24 countries have no one

% : organization designated to deal with
countries In BIQQEEt GDP these issues together
each domain

Top CO2 Emitters

India
Tﬂ'p USA Rep. of Korea

Agricultural T Biggest
EKpﬂ rters United Kingdom Hussia Net Oil

Canada Exporters

) _ Kuwait
Spain Saudi Arabia Venezuela

Brazil Norway Algeria
France Iran Mexico

Netherlands
Belgium

United Arab Emirates Libya

© 20N9 R F Hnrn



NO PLACE FOR A CONTINUING CONVERSATION OF
WORLD LEADERS ON WHAT TO DO

UNCOORDINATED AND FRAGMENTED GOVERNANCE
No current institutions are available that cover these interlocking issues
adequately. There is a lack of a comprehensive system of oversight.

Different aspects of the issues encompass different countries and overlapping
world institutions and ad hoc groups of states trying to act as executive or
steering committees.

OECD

Austria
Czech

Republic
Bariaai G20 Group of Twenty Argenties
Finland Australia China
Greece Mexico India
Hungary South Korea Indonesia
Iceland Turkey Saudi
Ireland European France, Germany, Japan, Russian Arabia
Korea Union United Kingdom, United Federation | ¢,,,th
Luxembourg States Africa
New Zealand
Norway
Poland G10-Group of Ten
Portugal
Slovak

Republic Spain Belgium, the Netherlands,

) Sweden, Switzerland

Taiwan (joined as an

observer at conferences) @ 2008 K. E. Horn




TOO MANY ATTENDEES
Some institutions are too big
(i.e. are conferences (eg
Conferences of the Parties
(COPs) under the Kyoto
Protocol) attended by ten
thousand people

10,000
attendees at
COPs




World E
population |
will grow to |
at least 9
billion by
2050

illions of people

- X e B i o - oo =3
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however because of

objections of some parts of
some religions...

and because of

inadequate funding...

It is difficult (or close to iImpossible) in some
countries to improve women's rights and
female empowerment because they won't

create public awareness campaigns
on contraception

make available legal abortions

provide access to free or low cost contraception
(the pill, intrauterine devices, injectables, implants)

educate young girls through secondary school



Recent Diminishment of Power on National Level

E r In the past 60 years, the nation-state has decreasing control (in
s different amounts in different states) OV ...
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TREATIES DON'T WORK FAST ENOUGH.
Some existing practices (eg. treaties) don't work
well because they take too long to create, ratify,
and implement and are easily renegged on.

Example: Kyoto Protocol

History: Originated in Rio 1972

Signed :1997

Ratified by enough countries to go into effect in
2005 (when Russia ratified)

Terminates in 2012

Annual Conferences of the Parties (COPs) have
so far failed to make significant progress on next
treaty

Implementation. Many of signatories are failing
to meet their obligations to reduce CO2 emissions
agreed to in the treaty.

© 2009 R. E. Hom



Climate solutions involve equity / fairness issues

There are (at least) three principles that can be used to
allocate costs and rights in climate change, each of which

lead to dilemmas

1. Equal percentage reduction of greenhouse gas emissions
for all countries

2. The polluter-pays principle would require agreed
reductions according to the amount of greenhouse gas
emissions principle

3. The rights to emit per capita principle would give every

person in the world a certain amount of greenhouse gas
emissions per year

© 2009 R. E. Homn



LACK OF RELEVANT EXPERTISE. Expertise to
think about the interlocking issues and manage
them often exists only (or more) in other
institutions than governments (e.g. NGOs,
business, universities)

iﬂ'@ How do we do it? F




ISSUES ARE COMPLEX AND NOT AS WELL
UNDERSTOOD AS REQUIRED

The issues are so complex that scientific
methods and practice are maturing but need
more work and the uncertainties are
considerable. Often academic disciplines do not
have the ability to integrate their analyses and

vocabulary easily.
: 2




Crisis and Creativity

Mitigation strategies, from conventional to radical
(predicated on a significant carbon price)

Efficiency and conservation
RBenewakles (GRHES)
Coal with CCS and nuclear

Unconventional technologies (UCG, enhanced geothermal,
stratospheric windmills)

Atmospheric carbon capture

shifting away from conventionally defined “growth”




6TW new generation in the last 25 years
11 .5TW (carbon free) in the next 25.

within the scale of what we know how to do!

"The Game Plan" slideset release 1.0, March 13 2008




BREAKING GLOBAL DEADLOCK:
WHO'S AT THE SUMMIT?

September 25, 2007
New York City

i
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Persuading your Leader,
itis a Good Deal. """ =

Glossa

il

The Group of § Leaders summit (G-8) has not been ahble

to make the breakthroughs necessary to develop vitally
needed global public policy. A larger and more diverse group,
somewhera from thirteen to twenty, could build on the G-8's
strengths of informality and flexibility, providing a valuable
supplement to the United Nations. The “Gleneagles 5" - China,
India, Brazil, Mexico and South Africa - are meeting with the
G-8, hut only for part of the latter’s meeting. Instead, full and
permanent pariicipation is required. It is also difficult to imag-
ine such a meeting without an Islamic country present; adding
one makes for a minimum of fourteen countries.

Alarger summit that includes industrialized and devel-
oping nations could make progress on acute global problems
in cases where no other existing international forum can. It
could break gridlock in climate change, health, and conflict
management, among others. The number and identity of coun-
fries can be debated, although experience suggests a maxi-
mum of approximately twenty, if meetings are to be efiective.
Former Prime Minister Paul Martin has proposed a group of
twenty - the Leaders 20 (L20).

A more effective summit system could deliver solutions
{o many problems. Mew approaches are most urgently needed
in the area of climate change. Serious responses to climate
dangers require a decision making body with representation
from both North and South. Only leaders can make the trad-
eoffs among the cross-cutting interests in a potential deal. A
universal forum cannat, on its own, deliver success - only lead-
ers working in a small group can manage the complexity and
generate breakthroughs. The draft package that follows illus-
frates the "deal” that a new group of L14 leaders could reach
— an inteqrated set of decisions, invitations, and mandates.



(il NOON

“Rischard brings a new perspective to global environmental issues facing

our planet [and) offers a thought-provoking and somewhat nontradi-

tional approach to global problems and solutions.” —CHOICE




Summary

- Urgency of climate situation
(helicopter view)

- Complexity of policy

- Visual tools: info-murals

- World Business Council for
Sustainability Project

- We can meet the climate
and sustainability challenge

- Governance dilemmas are the
hardest




How to Contact

Robert E. Horn

2819 Jackson Street Suite 101
San Francisco, CA 94115
phone (415) 775-7377

Email:

hornbob@earthlink.net

For more info on Visual Language book
http:/www.xplane.com/visuallanguage

for more on Bob Horn's current work (well a little out of
date):

www.stanford.edu/~rhorn
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CO. =Climate
450ppm

Temperature Choice
+2 C This acknowledges huge species lost, water shortages, and sea level rises. Risk of
vicious cycles (what climate scientists call positive feedback).

Allowable Carbon
2 GtC / year into atmosphere.

Useable Fossil Energy
2 TW (can go up or down a little depending on source)

Clean Energy Sources
There is plenty, and the big players look like nuclear, solar, wind, and geothermal.

New Energy Mix
11.5 TW of clean energy. 3TW Nuclear, 2TW PV, 2TW Solar thermal, 2TW wind, 2TW
geothermal, 0.5TW clean biomass..

Turn off majority of existing carbon fuels.




ONE ENGINEER'S CALCULATION OF A New Energy Mix to get to 450 ppm by 2050

Needed 15 TW (our current
consumption) that is 2244 Watts
average person consumption.

Allow 2 TW of carbon emitting energy
(maybe 4 TW)

We already have 1 TW of Nuclear

and

0.5 of "renewables”

PHOTOVOLTAIC

100 m2 of solar cells every second for
the next 25 years. 15% efficiency, good
sitting.

30% efficient solar thermal “power
towers”

SOLAR THERMAL

2 TW New Solar Thermal

50m2 of solar thermal mirrors every
second for the next 25 years. 30
30% efficiency, well sited

WIND

2 TW New Wind

12 - 3IMW wind turbines in great
locations every hour.

Or one 100m diameter turbine every 5
minutes...

NUCLEAR

3 TW New Nuclear

1 x 3GW nuclear plant every week for the
next 25 years.

GEOTHERMAL

2 TW New Geothermal

3x 100MW steam turbines every day for
next 25 years.

BIOFUELS

Assume a really good 1% efficient algae.
recognise this technology isn't ready yet.
0.5 TW Biofuels, Tidal Power, Wave
Power.

0.5 TW carbon (net zero) biofuels?.

1250 m2 or 1 olympic swimming pool of
algae every second for the next 25 years.

WE ALSO NEED
0.5 TW of wave, tidal and biofuels

Griffith, Saul, "The Game Plan” slide notes release 1.0, March 13 2008



Global Warming Dynamics -- Dilemmas of Food, Water, Capital, Taxes
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Initial "concept sketch"” for
one of a series of info-murals
on global climate change

© 2007 R. E. Horn




Global Climate Dynamics - Will the World React in Time? Dilemmas of Democracy
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prevent global climate change
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Climate solutions involve equity / fairness issues

There are three principles that can be used to allocate costs and rights
in climate change, each of which lead to dilemmas

1 Equal percentage reduction of greenhouse gas emissions for all
countries principle

Many countries with large populations and developing economies (e.g. India,
China, South Africa, Brazil, Indonesia) will not agree

because

...this would stop their growth and unfairly punish their people compared
with the developed countries

and because

...the costs for this would be especially high for countries using coal for
energy production (China, India, U.S., Australia, many East European
countries)

and because

...some countries, notably Japan, have such a low energy intensity that is
30 - 40 % below other developed countries because Japan has been
cutting its energy use for many years

© 2009 R. E. Horn



Climate solutions involve equity / fairness issues

There are three principles that can be used to allocate costs and rights
in climate change, each of which lead to dilemmas

2. The polluter-pays principle would require agreed reductions

means that rch countries would pay most costs because they have
contributed most emissions historically to the atmosphere and developing
countries would increase their share of costs as their economies grow

BUT...

...this would be unfair because it denies equal rights of economic progress
to all countries (and especially unfair to developing countries)

AND...

...fair methods for allocating these assessments for previous historical
emissions run into difficult questions:

Would the historical-based assessments be based on per capita
emissions, time- based emissiions, total amounts? Would the current
populations of countries be willing to accept obligations of their
ancestors?

& 2008 R, E. Homn



Climate solutions involve equity / fairness issues

There are three principles that can be used to allocate costs and rights
in climate change, each of which lead to dilemmas

3. The rights to emit per capita principle would give every person in
the world a certain amount of greenhouse gas emissions per year

BUT...

...this would involve a larger currrent taxation on developped OECD
countries than on more populous countries

AND...

...this would predictably move energy-intensive industries to
countries with large and economically poor populations
BUT...

...maybe such moves could be reduced by new tarrif regulations in
international trade agreements

BUT...

...this would likely not work because it would impose a tax on rapid
population growth

@ 2009 R. E. Hom



Climate solutions involve equity / fairness issues

The free-rider (or prisoner's dilemma)
Issue In climate change

A country cannot stop others benefiting from their
reductions of green house gas emissions, thus creating
a free-rider problem in which other states can benefit
without cutting their own emissions. Since there are
costs to reducing emissions, states will want to avoid
cutting their own emissions until they can be sure that
others are bearing fair, commensurate costs.

BUT...

This means coming up with a principle of fairness about
the costs.

AND...

It means that solving the problem requires overcoming
the prisoner’s dilemma. All statese need to be assured
that others will also cooperate or their rational decision
is to continue emitting until other state also stop.

© 2009 R. E. Horn



...but... World population could be stabilized if this

interdependent set of challenges are met...
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