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Prediction contracts are simple bets

Binary Contracts

Futures contract

Futures contract If the Denver Broncos beat the
If the Denver Broncos win against Dallas Cowboys by more than 3
the Dallas Cowboys on October 6, points on October 6, 2013, this
20T S cenna Clges "wWwo s SA08 Cen Gt sl sauio r s “SERER= L TERIE T €y
5w Ehew oSl A the “conitt'a CiRllil’s ¥ wo 1.8 Rosge’,y FhelWween t racE i s v chlcH
When trading at $7.50, When trading at $5.00,
consensus probability = 0.75 consensus probability = 0.50

Derivative Contracts

Futures contract

Themholhd of*thi's VEerimeact wdilil
receive $0.10 for every point

scored in the game between the
Denver Broncos and the Dallas

GonleoyisMonEEe © olbeig* 6 M2 (kG

When trading at $9.90,
consensus estimate = 99 total points




Prediction markets exploit “Wisdom of Crowds”

Four qualities that make a crowd smart

Diversity (people have different pieces of information)
Decentralization (nobody at top is dictating answer)
Independence (people focus on own area of expertise)
Method® to generate collective opinion (aggregation)

Aggregation method needs to preserve first 3 qualities!

"‘Double-auction markets are effective at aggregating distributed and
dynamic information into a quantitative collective hypothesis evaluation.
Prediction contracts are traded just like stocks on the NYSE or
commodities on the CME.

Conceptual mapping for future event:
Contract = “Hypothesis”  Price = “Probability”

James Surowiecki, “Wisdom of Crowds” (2004).



Examples and potential uses

-

© oo N o O bk~ W b

e
= O

Settling scientific controversies
Quantification of scientific consensus
Market-based consensus on climate change
Intelligence information aggregation
Counterintelligence

Notification of new information
Connecting the dots

Objective evaluation of information quality
Decision support

Funding allocation

Global warming and carbon pricing



Example 1: Settling Scientific Controversies

“A possible impact crater for the 1908
Tunguska Event” Gasperini et al., 2007

101775 101°.975




Lake Cheko photography: Discovery Channel Impact crater or just a lake?




‘ Scientific bet

Futures contract

‘ Fudures If 100 kg of unambiguous meteoritic

Confradt (mamolgoens Material (independently confirmed) is
M{’;gr)/i? ; C]n[”f/?f;mfﬁ 5 found in Lake Cheko on or before
o e T T June 30, 2013, then Christian
ev berbre e 3 B0, 2015, Sfhes Koeberl will pay Mark Boslough
iy if% “%{ s $100. If it is not found, then Mark
ped éi/m ' ~Fhs Made Boslh ot Boslough will pay Christian Koeberl
;’j o St Z;ﬁﬁ ju $1. Funds will be held and

bty Vad Z%/l s ! distributed by Dona Jalufka.
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Scientific futures contract determines
consensus probability of hypothesis

Futures contract; .TRUE.

If 100 kg of unambiguous meteoritic
Material (independently confirmed) is
found in Lake Cheko on or before
June 30, 2013, then the holder of this
contract collects $101. Ifitis not
found, then the contract is void.
Funds will be held and distributed by
the World Scientific Hypothesis
Exchange.

Futures contract: .FALSE.

If 100 kg of unambiguous meteoritic
Material (independently confirmed) is
not found in Lake Cheko on or before
June 30, 2013, then the holder of this
contract collects $101. If it is found,
then the contract is void. Funds will
be held and distributed by the World
Scientific Hypothesis Exchange.

Buyer pays $1 and
gets this contract

Seller pays $100 and
gets this contract

Generalized contract allows exchange trading




Example 2: Quantification of scientific consensus

Stroeve et al. (2007) Arctic Sea Ice Decline: Faster than Forecast, GRL
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‘ Hypothesis: Arctic will be ice-free by 2023

SUMMER SEA ICE

This summer saw a record-breaking
loss of Arctic sea ice. Experts attribute
the changes to the interaction of wind,
weather, ice drift, ocean currents and
greenhouse gases.

Drag slider to show sea ice on Sept. 16 of each year

| | |
2005 2006 2007

SUMMER SEA ICE EXTENT*

1979-2005 — 4 million 5 o - ..o 3
AVERAGE square miles . -
)
2005
-2
1
Sept. 16
JULY SEPT. NOV.
*Sea ice extent is the area of B
ocean covered by at least 15
percent ice.
PERENNIAL SEA ICE
Ocean within this boundary had been

covered with ice year-round since
satellite records began in 1979. This
summer was the first time that part of the
perennial sea ice was open water.




Arctic = Observations ... BCCR BCM2.0
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Contracts can be used to determine best estimates and uncertainties



10.0

8.0
E
a4
&
= 6.0
g
x
w
O
Lz
s 4.0
wn

2.0

Arctic

September Sea Ice Extent: Observations and Model Runs

wess Observations ... BCCR BCM2.0
------ CCCMA CGCM3* «----- CCCMA CGCM3.1(T63)
------ CNRM CM3 ------ GISS AOM*

MIROC3.2 MEDRES*

NCAR CCSM3*
UKMO HadCm
===« Ensemble = std. dev.

o
2D

o
S

o
Year

Reality

<

N
& BE+U

Contracts can be used to build probability density functions



Wil Arctic be ice free In September 20237

$100

$50 Maybe

$o No
2018 2019 2020 2021 2022 2023

Price is the consensus probability of hypothesis being correct...
...but this market would have liquidity because of hedging investments!




Example 3: Market consensus on climate change

Heating Degree Day (HDD) and Cooling Degree Day
(CDD) contracts for various US cities are traded on the
Chicago Mercantile Exchange (CME)

HDD = ¥ max [0, 65°F — %(T,, + T;,)]

CDD =) max [0, (T,; + T,,) - 65°F ]

Do predictions represent “market consensus” on
climate change?



CDD: Las Vegas summer season
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Heating Degree Days (°F)

HDD: Chicago winter season
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HDD: seasonal prediction vs. trend
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TDD anomaly prediction vs. trend
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Markets: 51% of total warming trend is climate change

Total Degree Days: annual prediction vs. trend

Observed 25-year summer warming —»
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Example 5: Intelligence information aggreqgation

Possibility sets can be aggregated

State space Q)

True state = ®,s,

Py = {054, W54, Dg24> Dy14f
Pg = {0147, @54}
Pc = {0415, O154, Os41§

PAggregate — {(O 1 54}




Example 6: Counterintelligence

Vatican on lookout for eavesdroppers

Spies may be out to penetrate secret
conclave of cardinals

Friday, April 15, 2005 ; | l '

VATICAN CITY (CNN): -
“Surely many intelligence agencies in the world
are trying to penetrate inside the Holy See. They
will do with special aircraft, for example, spy
planes with... lasers.” Andrea Margelletti, of the
Center for International Studies in Rome.
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Pope contract ticker confirms no leaks

99 54
Price

RIS

B2 -

410 .4 -

20,6 -

Announcement 6:04 pm

“Trigger event”
causes price change

0.8

Epm

Cardinal Ratzinger contract “ticker”



Fed chair contract ticker reveals leaks

Insider trading

FED.CHAIR.BERNANKE £
Oct 24 2005 5:05 AWM EDT - 1.02 PM EDT (2] Trade Exchange Metvwork Lid, 100
— 8-
-8 Price 1 volurne B
- a0
9:48 am: Insider buys 100 shares for $380, worth $1000 in 3 hours
- a0
L5l
§
= =70
=
Y - B0
100 -
104 -0
i ]ﬂ H - 40
I:I T T T T T T T T 3':'
510 A B:03 Ah 56 Ah 749 AN G4 Ak 034 b 12:13 P 1:05 P
ot 24, 2005 AA A

10:30 am: (Drudge) FLASH: New Fed chairman will be announced at 1PM ET... Developing...

11:36 am: (Drudge) WSJ: President Bush to name Ben Bernanke, the current chairman of his Council of
Economic Advisers, to succeed Alan Greenspan as chairman of the Federal Reserve... Developing...

12:29 pm (CNN): President Bush was expected to announce Monday that he has picked top economic
adviser Ben Bernanke..

12:29 pm (Drudge): Bush picks Bernanke to Replace Greenspan...

(White House) President Appoints Dr. Ben Bernanke for
Chairman of the Federal Reserve

Price


http://www.drudgereportarchives.com/data/2005/10/24/20051024_153600.htm
http://www.drudgereportarchives.com/data/2005/10/24/20051024_153600.htm
http://money.cnn.com/2005/10/24/commentary/column_hays/hays/
http://money.cnn.com/2005/10/24/commentary/column_hays/hays/
http://www.drudgereportarchives.com/data/2005/10/24/20051024_163800.htm
http://www.drudgereportarchives.com/data/2005/10/24/20051024_163800.htm
http://www.drudgereportarchives.com/data/2005/10/24/20051024_163800.htm
http://www.drudgereportarchives.com/data/2005/10/24/20051024_163800.htm
http://www.whitehouse.gov/news/releases/2005/10/20051024-2.html
http://www.drudgereportarchives.com/data/2005/10/24/20051024_143000.htm

Example 6: Notification of new information

lowa Electronic Market data
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Trigger event:
F‘l« J I Feb. 12, 2004
18:26:16




http://www.drudgereportarchives.com/data/2004/
02/12/20040212 182616.htm




http://www.drudgereportarchives.com/da*12004/
02/12/20040212 182616.htm




A frantic behind-the-scenes drama is unfolding around Sen. John Kerry
and his quest to lockup the Democratic nomination for president, the
DRUDGE REPORT can reveal...

CAMPAIGN DRAMA ROCKS DEMOCRATS: KERRY FIGHTS
OFF MEDIA PROBE OF RECENT ALLEGED INFIDELITY,
RIVALS PREDICT RUIN

DRUDGE REPORT

http://www.drudgereportarchives.com/data/2004/02/12/20040212 182616.htm



http://www.drudgereport.com/

Statement from woman and parents about
rumors linking her to Sen. John Kerry
The Associated Press

Monday, February 16, 2004

http://sfgate.com/cqgibin/article.cqgi?file=/news/archive/
2004/02/16/politics1300EST0543.DTL




Annotated ticker can provide a

self-organized dynamic data structure

[ cEan_tom

[ roF_om

[ ] =erHwom [0 werr_nom [ LEE_om

B cire mom [ o mom

F1.00

[ cuim o

F0.89

FO.75

FoOET

$0.44
$0.33

Jo.22

0.1

I FO-INr-0Z

FO-UNr-BE
FO-UAr-2,
FO-AEW-2 1
FO-ddg- 47

oF rO-dehg-a0
04 )
FO-G94-FT
- F0-424-E0
o FO-UEr-E ]
Al e0-0saez
- £0-930-Z0
- E0-AON- L1
- E0- 06 L
-e0-das-ag
- o0-das- 40
-e0-Ang-LL
- 200 IR A7
- £0-INr-90
- E0-UNP-G |
- E0-ARW-GT
- 0SB0
-e0-ddhy-c )
- C0-dEW-ET
- C0-4el-E0

F0.00

Date




Example 7: “Connecting the dots”

How markets aggregate information
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Department of
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Information timeline: hypothesis evaluation
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Closed Market Institution

Traders can have eligibility requirements (e.g. analysts only)
Traders can have security requirements (clearance level)
Tracking points can be proxy for money

Protocol for information disclosure can be implemented



Innovation: linked metadata

Market trading creates the dots
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Innovation: linked metadata

Disclosure rule connects the dots
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Example 8: Objective evaluation of information quality

Simulated IED field test

Eight-way aggregation market A

(one contract for each road segment) \

2 East road
Futures contract ' *

The contract will expire at
midnight. If the mock IED is
found on segment 4 this contract 1s

redeemable for 100 points.
5 8
Otherwise, it 1s void. West road .

B




Seven technologies ranked by market

False False Round 1 | Round | Round 3 | Round 4 | Round 5 | Win

poS. neg. t=13:45 |2 t=15:00 |t=15:32 | T=15:57 | (LosS)

rate rate t=14:31
NUT | 0% 0% 7 0 6 0 4 0 2 1 7 0 |$489
JIG |3.125% | 6.25% 8 0 50 2 1 50 7 0 |$%$144
BAT |6.25% |12.5% 8 0 10 8 0 10 5 0 |(%$8)
LOG | 6.25% | 25% 10 2 1 3 0 4 0 5 0 |$32
OAK | 6.25% | 50% 8 0 30 4 0 10 1 0 |$%1
CAT |12.5% |12.5% 7 0 8 0 11 4 1 30 |($7)
FIR |[12.5% |25% 4 1 4 1 31 6 0 5 0 | (%$649)




‘ Time-resolved tickers for six segments
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Example 9: Decision support

Information can be distilled to its essence for decision makers

\ \

N N

\ \

Initial state Round 1 Round 2

\

\

Round 3 Round 4 Round 5




Example 10: Funding allocation

False False Round1 | Round 2 | Round 3 | Round4 | Round5 | Win
poS. neg. t=13:45 |t=14:31 |t=15:00 |t=15:32 | T=15:57 | (Loss)
rate rate
NUT | 0% 0% $489
JIG |[3.125% | 6.25% $144
FIR |12.5% |25% 4 1 4 1 31 6 0 50 ($649)

Increase Funding

Eliminate




Example 11: Global Warming and Carbon Pricing

? Contract BQty Bid Ask AQty Last Vol Chge

2012 TEMP.ANOMOLY.0.30+ 0 i 0 99011 |0 100 -

~ 2012 TEMP.ANOMOLY.0.35+ 4 80.0|- 0 993|198 |9

» 2012 TEMP.ANOMOLY.0.40+ 4 0.0/ 0 99.5 |84 |0 80 -

» 2012 TEMP.ANOMOLY.0.45+ 4 80.0|- 0 935|993 |0

MEE Y 2012. TEMP.ANOMOLY.0.50+ 1 95.1|99.9 |100 |99.5 |1084 |0

~ 2012 TEMP.ANOMOLY.0.55+ 16 6.0126.5 (3 27.9 |621 |0 60 -

» 2012 TEMP.ANOMOLY.0.60+ 100 0.1/4.0 |4 0.3 215 |0

M " 2012 TEMP.ANOMOLY.0.65+ o 85 |3 02 |24 |° 40 -

» 2012, TEMP.ANOMOLY.0.70+ 0 0 01 12 |0

~* 2012 TEMP.ANOMOLY.0.75+ 0 0 01 |2 |0 20

M " 2012 TEMP.ANOMOLY.0.80+ 0 i 0 47 |2 |0

Mt > 2012 TEMP.ANOMOLY.0.85+ 0 5 0 25 |1 |0

» 2012 TEMP.ANOMOLY.0.90+ 0 il 0 03 |4 0 0 I I

» 2012 TEMP.ANOMOLY.0.95+ 0 Iz o 02 |2 1 1.5 2 2.5

Trade NS ) i 1.00+ 0 -|- 0 10 |1 0 .

— = o I Nov. 30, 2012 contract prices can
SRR be used to construct probability

» 2012.TEMP.ANOMOLY.1.10+ 0 i i 0 o 11 |0

density function (anomaly in

Trading page for 2012 global temp anomaly, Nov. 30, 2012 Fahrenhetit relative to 1880).

Climate derivative markets could be used to price carbon dumping fee!




Summary: Intelligence aggregation method

Overcomes horizontal information barrier (stovepipe effect)

Overcomes vertical information barrier due to hierarchy and inertia
Promotes (rather than inhibits) information exchange through competition
Preserves compartmentalization of classified information

Evolutionary method rewards accurate, relevant and consistent knowledge
Exhibits rapid time response

Allows asynchronous information exchange

Insulates against politics and turf battles

Insulates against agenda-driven false information (e.g. climate denial)
Yields self-assembly of information structures

Is scalable (massively parallel people and data distribution)

QUESTIONS?



