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EXECUTIVE SUMMARY

What?

Information  markets  use  market-like
mechanisms to elicit and aggregate
information. Information markets are not
designed to transfer ownership or risk but to
exploit the proven ability of markets to
discover and synthesize information.

Information markets can solve the problems of
aggregating diverse climate expertise and
aligning the incentives of providers. They
could become the primary mechanism for
obtaining forward-looking expertise about
climate-related risks.

Why?

Climate change is recognised as an important
source of risk. Regulators now believe that
climate-related risks pose, not only a threat to
individual firms, but possibly to the stability of
the financial system.

In 2017 the G20's Task Force on Climate-
Related  Financial Disclosures (TCFD)
published recommendations that firms should
disclose forward-looking information about
physical and transition climate-related risks.
More than two thousand companies have
voluntarily signed-up to these
recommendations. Regulators and exchanges
in many countries plan to make climate-
related disclosures mandatory. These trends
have created a demand for forward-looking
information about climate, such as emissions
pathways and changes in physical climate
risks. Companies requiring this information
are a nascent source of funding for applied
climate research. They are particularly
interested in the efficiency with which
distributed information can be aggregated
and communicated for use in decision making
and risk management.

The marketplace for climate information is
diverse and fragmented. Relevant expertise
exists in public agencies, academia, think
tanks, as well as an emerging class of private
companies known as climate service
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providers (CSPs). Given the long horizons
involved, few providers have established track
records, so it is difficult for users to evaluate
their skill. Furthermore, most forecasts are
offered with no warranty. This creates a
situation in which bad forecasts can drive out
good ones; a situation reminiscent of credit
ratings for mortgage-backed securities in the
run-up to the subprime crisis.

How?

We propose a climate information exchange
that hosts markets predicting climate-related
variables. These variables will include high-
level ones, such as global greenhouse gas
concentrations, and more granular ones like
sea-level rise in specific locations. Market
participants will include individuals and
institutions with expertise across the range of
disciplines relevant to climate forecasting,
including meteorology, climatology,
economics, social sciences, and policy.
Participants will use on-platform credits
representing a claim on a proportion of
research funds distributed through the
exchange. These funds will come from pubilic,
private, and philanthropic sources interested
in effective altruism.

The exchange will use AGORA, developed by
Hivemind Technologies Ltd. AGORA has been
used to run expert information markets for
seasonal forecasts, El Nifio events, Atlantic
hurricane activity, and crop yields. AGORA
solves several problems that have afflicted
previous attempts to create information
markets for climate: an automated market
maker guarantees liquidity allowing markets
to function in the absence of uninformed
"noise” traders. AGORA supports very large
outcome spaces, enabling consensus
probability distributions to be extracted, not
just probabilities for binary events.

Where?

Many of the markets will have horizons of
more than a decade. The consensus forecasts
generated will be a public good, to be
distributed for free. There is a strong case for
the exchange to be hosted by a university,
which will become a hub for international
climate expertise.
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1. THE CHALLENGE OF CLIMATE CHANGE

1.1 BACKGROUND

Although climate has changed throughout history, and some of the changes the
Earth is currently experiencing have natural causes, most evidence indicates that
the dominant cause of rising global temperatures since the industrial revolution is
the increase in atmospheric greenhouse gases (GHGs), particularly carbon dioxide
emitted by the burning of fossil fuels. Greenhouse gases affect the radiative-transfer
properties of the atmosphere, raising the average surface temperature.

1.2 CLIMATE FORECASTING

While there is uncertainty in predictions of the global average temperature, this
uncertainty is even larger for more specific predictions, such as regional
temperatures and precipitation, and it is larger still when, for example, forecasting
future rainfall in the catchment of a particular hydroelectric dam. Furthermore, all
predictions are conditional on the future levels of greenhouse gases, which depend
on future net emissions, which are themselves uncertain.

Forecasting climate change, given a particular pathway of greenhouse gas
emissions, is done using climate models that simulate the behaviour of the ocean-
atmosphere system. Building these models requires knowledge of many fields
including meteorology, oceanography, chemistry, and even biology. Predicting the
likelihood of a particular emissions pathway requires insights into the development
and uptake of new technologies as well as possible policy choices across the global
economy. The knowledge and expertise required to predict future climate is thus
distributed over many disciplines and beyond the capacity of any single research
group or organisation.

The Intergovernmental Panel on Climate Change (IPCC) strives to provide an
objective consensus view of the science of climate change. IPCC assessment
reports, however, are only published once every few years and cannot provide
projections of every variable of relevance to decision makers. IPCC projections have
been conditioned on Representative Concentration Pathways (RCPs). There is
concern that the IPCC’'s RCP8.5 scenario — the worst considered — has been
misconstrued as “business as usual” (Pielke and Ritchie 2020) and that it is
“increasingly implausible” (Hausfather and Peters 2020) while others think it is still
relevant (Christensen et al. 2018, Schwalm et al. 2020).

Since 1990, the IPCC has published six Assessment Reports. These reports are
supported by Coupled Model Intercomparison Projects which are collaborative
efforts involving dozens of climate modelling groups around the world. Thanks to
these efforts many advances have been made in climate research but mechanisms

4
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for synthesising this knowledge into consensus forecasts that are coherent and up
to date have lagged-there is an interval of around 5 years between Assessment
Reports. Yet decisions affected by future climate change are being made in the
present. Those responsible for these decisions, whether they concern mitigation or
adaptation, need information that reflects the current consensus views of a broad
range of experts.

1.3 VALUE OF FORECASTING

If the more pessimistic predictions of future climate change are correct, civilization
faces disruption on a scale not experienced for centuries. Estimating the economic
impact of climate change is even more challenging than predicting climate change
but most assessments suggest that, globally, investments of $1 to 5 trillion per year
might be needed to pay for the mixture of adaptation and mitigation measures
required. This is about 1 to 5% of global GDP (Goldman Sachs 2020, Friedmann et
al. 2020, Gates 2021).

Forecasting alone cannot solve the problem of a changing climate but it can
improve the allocation of resources between different mitigation strategies. For
example, predictions of the path of global temperature are a key factor in deciding
the time scale on which to decarbonise the economy. Good forecasts can also help
optimise adaptation: for example, knowing how much sea-level will rise over the
next 50 years may determine whether it is better for a coastal community to improve
flood defences or relocate; with an inaccurate forecast they might end up paying
for both. Determining the extent to which better climate forecasts can improve
resource allocation is difficult but even a 5% improvement in allocation implies a
societal pay off to improved forecasts of between $50 and $250 billion per year.

How much should society pay for climate predictions? Society, of course, is not a
monolithic entity. Society’'s spending for climate prediction comes from
governments, private companies, and non-profits, with the U.S. leading in all three
categories. The U.S. Global Change Research Program budget — an aggregation of
research funding for climate change research by ten federal agencies — was $2.4
billion 2019." Assuming, optimistically, that other governments commit a similar
proportion of GDP implies that governments spend up to $10 billion per year on
climate change research, including forecasting. In the private sector, the global
climate change consulting market is estimated to be $5.5 billion, and it is projected
to grow to $8 billion by 2026.2 Of the $730 billion in philanthropic giving in 2019
only 2 per cent was for climate change, and this was mainly directed at mitigation,

T https://www.globalchange.gov/about/budget
2 https://www.coherentmarketinsights.com/market-insight/climate-change-consulting-market-2537
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making charitable giving a minor source of funding for climate forecasting, behind
governments and the private sector.?

1.4 UNDERINVESTMENT IN FORECASTING

When we compare the amount spent on climate forecasting with how much
accurate forecasts might save by allowing better allocation of resources it is hard to
avoid the conclusion that it is sub-optimal. As well as the total amount being too
low, what is spent is arguably misallocated, with too much relative emphasis being
placed on physical sciences compared to social sciences which provide insight into
the likelihood of achieving emissions reductions and hence the probability of
different climate scenarios occurring (Overland and Sovacool 2020).

Climate forecasts produced by governments are a classic public good: non-rival
and non-excludable. The tendency for public goods to be under-provided is well
documented. It is typically attributed to the absence of a functioning market that
allows the monetisation of their supply.

Private sector provision of climate forecasts is vulnerable to another cause of market
failure: asymmetric information. Companies that wish to buy climate forecasts from
commercial firms have no way of knowing how good the forecasts are likely to be.
Unlike short-range weather forecasting, for which users can ascertain forecast skill
within a practical time frame, climate forecasting horizons stretch to decades.
Buyers of climate forecasts will typically lack the expertise to evaluate the
forecasting process itself and so will have no information with which to judge
forecast quality. Economist George Akerlof famously explained how, in this type of
situation, prices can be suppressed, leading to bad products driving out good
products (Akerlof 1970).

The information asymmetry can create a moral hazard in which the information
provider neglects rigour in a way that they would not if they were exposed to the
risks posed by inaccurate information. Furthermore, consumers of climate
information may actively seek forecasts which exaggerate risks or underplay them,
as issuers of mortgage-backed securities did in the early 2000s (see box on next
page). Even if providers genuinely strive to produce unbiased forecasts, if there is
diversity in forecasts available and users can select their forecast this will introduce
bias into their risk assessments and disclosures (Skreta et al. 2009).

Providers of climate information products that generate an uncertain value stream
over a period of decades can only expect to get paid upfront and unconditionally if
they offer large discounts from the expected value of the information. This
depresses the returns to investment and innovation in the sector.

Shttps://www.climateworks.org/press-release/funding-trends-climate-change-mitigation-
philanthropy/
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Addressing structural reasons for underinvestment in climate forecasting should be
a priority, as it has the potential to increase the efficiency with which resources are
deployed to tackle mitigation and adaptation.
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BAD INCENTIVES, BAD INFORMATION: AN EXAMPLE

Credit ratings agencies appeared in the 19* century to provide information about
the credit worthiness of railway companies that were proliferating at the time. In
the aftermath of bank failures during the 1930s the U.S. Government introduced
regulations that meant banks could only hold investment-grade bonds, where
“investment-grade” was to be defined by the ratings agencies. Therefore, in a
manner not dissimilar to climate risks, regulation helped create a demand for
information.

Until the 1970s ratings agencies, such as Standard and Poor, Moody's, and Fitch,
produced assessments of the credit risk of bonds which they published in
periodicals to which investors subscribed. The investors wanted accurate ratings
and, since they were the customer, the agencies had an incentive to provide
accurate ratings. The invention of the photocopier made it difficult to sustain this
business model, so the ratings agencies switched to charging the issuers of bonds
for the ratings that allowed institutional investors to buy their bonds. This created
a conflict of interest because the issuers were more interested in getting high
ratings than ratings which accurately reflected the risk of default. It has been
argued that this conflict of interest was exacerbated when Moody’s was spun-out
of Dun & Bradstreet in 2000, as executives received stock options making them
more concerned about increasing the firm’s market share (McLean and Nocera
2010).

With the advent of mortgage securitisation, the issuers of mortgage-backed
securities sought triple-A ratings and engaged in “ratings shopping” and
pressuring the agencies to get them. Between 2000 and 2007, tens of thousands
of mortgage-backed securities were rated, most receiving triple-A ratings even
when they contained substantial numbers of subprime loans. When the subprime
crisis hit, most of these investment-grade securities were downgraded to junk.

Subsequent investigations partly attributed the subprime crisis, which
precipitated the Global Financial Crisis and Great Recession, to the mis-aligned
incentives of the credit ratings agencies. A Congressional committee found that,
“The major credit rating agencies played an important - and perhaps decisive -
role in enabling (and validating) much of the behaviour and decision making that
now appears to have put the broader financial system at risk.” (Congressional
Oversight Panel 2009).

This example illustrates the importance of ensuring that the providers of
information have the correct incentives for it to be accurate.
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2. THE DEMAND FOR CLIMATE FORECASTS

2.1 DECISION MAKING

While the impacts of climate change will play out over decades, there are choices
being made today for which decision makers must take a view on future climate.
Infrastructure can have a lifespan of decades, so decisions about siting and
specifications must take climate into consideration, either explicitly or implicitly.

Sea-level rise is a good example: it is relevant to infrastructure planning yet there is
substantial uncertainty among specialists over how much sea-level rise we should
expect for a given amount of warming; the main source of uncertainty is the
contribution of melting ice sheets (see Fig. 1).

2°C warming scenario
== 5°C warming scenario

probability

-50 0 50 100 150 200 250 300
sea-level rise by 2100 (cm)
adapted from Bamber et al. Proc. Nat. Acad. Sci. 116 (2019)

FIGURE 1: Probability distributions for sea-level rise (SLR) by 2100 under two warming scenarios. The
distributions were obtained from a structured expert judgement exercise undertaken with 22 experts
in the US and UK. While there is consensus that sea levels will rise there is considerable uncertainty
in the amount of rise (figure adapted from Bamber et al. 2019).

2.2 DISCLOSURE
In 2017 the Task Force on Climate-related Financial Disclosures (TCFD) produced
recommendations for how companies should include decision-useful, forward-
looking information on the financial impacts of climate change in their financial
filings (Financial Stability Board 2017a). The recommendations have currently been
backed by almost 2,000 companies, half of which are financial firms managing more
than $150 trillion in assets, including the world’s ten largest asset managers and 8
of the 10 largest banks (Economist 2021). While 80% of the top 1,100 global
companies have already started disclosing some climate-related information
9
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(Carney 2019) disclosure of the potential impact of changes in climate on finances
and strategy is still low (TCFD 2020). Some countries, including Britain, are to make
climate disclosures based on the TCFD recommendations mandatory, creating a
real need for forward-looking climate information. In March 2022 the U.S. Securities
and Exchange Commission published their own framework for climate-related risk

disclosures, modelled on the TCFD framework (U.S. Securities and Exchange
Commission 2022).

The TCFD recommendations make a distinction between physical and transition
risks associated with climate change. An example of a physical risk would be the
decrease in property values caused by an increase in the risk of flooding. A
transition risk might be the decline in the value of a coal mine due to carbon taxes
or the cost of emission permits. Sometimes liability risks are treated as a distinct

third category while sometimes they are regarded as a possible manifestation of
physical or transition risks.

Firms supporting TCFD recommendations globally

2000

E non-financial B
M financial

1500 +

1000

Jun-2017
Sep-2017
Dec-2017
Mar-2018
Jun-2018
Sep-2018
Dec-2018
Mar-2019
Jun-2018
Sep-2019
Dec-2018
Mar-2020
Jun-2020
Sep-2020
Dec-2020
har-2021

source:https /fwww fsb-tcfd org/supporters/

FIGURE 2: The number of firms voluntarily signing-up to support the TCFD recommendations for
disclosing climate-related financial risks.

The TCFD hope that the increase in transparency will increase the efficiency of
markets and the stability of economies. The disclosure of climate risks by listed
companies could act as a transmission mechanism for climate forecasts to influence
the real economy: for example, a lender, worried about its “climate value-at-risk”,

10
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denies loans to a developer to build in an area predicted to become vulnerable to
flooding, thus preventing the ill-judged development from going ahead.

Recently the Network for Greening the Financial System (NGFS) reported that, to
comply with disclosure recommendations, stakeholders need more forward-
looking climate information, such as emissions pathways (NGFS 2021).

2.3 CLIMATE SCENARIO ANALYSIS

The TCFD advocates the use of climate scenario analysis by companies to stress-
test their businesses and investment portfolios under different scenarios for future
climate and mitigation pathways. The scenarios can be based on those provided by
organisations like the IPCC or the NGFS. These scenarios are high-level and do not
contain predictions of every variable a company may need to evaluate its exposure
to climate risks. The Bank of England is currently conducting a Biennial Exploratory
Scenario exercise focusing on climate risk. The Bank considers that it is the
responsibility of participating institutions to perform scenario expansions to model
input variables that they require but which are not part of the high-level scenarios
(Bank of England 2019).

The scenario most used by financial firms that have already conducted scenario
analysis is RCP8.5.% Although the physical impacts of the RCP scenarios do not
diverge substantially until after 2050 this choice is interesting, given the lack of
consensus among experts as to the likelihood of this scenario mentioned in section
1.2, as well as the lower transition risks implied by RCP8.5.

While the IPCC provides predictions conditioned on different emissions and
concentration scenarios in their most recent summary for policymakers for their 6™
Assessment Report they state, “...the feasibility or likelihood of individual scenarios
is not part of the assessment.” (IPCC 2021).

2.4 CLIMATE SERVICE PROVIDERS: A NEW INDUSTRY

Because few companies have the in-house capacity to conduct scenario expansions
there is a burgeoning industry of Climate Service Providers (CSPs). Companies such
as Jupiter Intelligence, founded in 2017, Four Twenty Seven, founded in 2012 and
acquired by Moody’s in 2019° and Trucost, acquired by S&P in 2016. Trucost
provides analytics on the carbon intensity of firms as well as projections of physical
climate risks to which they are exposed. Catastrophe modelling firms, that have
traditionally provided natural disaster risk assessments and loss modelling for the

4 https://climate.garp.org/insight/climate-scenario-analysis-stress-testing-the-future/

> Moody's now uses Four Twenty Seven’s climate projections to provide information about physical
climate risks over to properties included in commercial mortgage-backed securities and real estate
collateralized loan obligations. Moody's includes this information in their presales reports for these
products (Moody's press release 11 August 2020).

11
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reinsurance industry based on historical statistics, are also entering the space with
forward-looking projections. There are many smaller boutique firms as well as data
and analytics companies and consultancies that have created climate units (e.g.
KPMG, Rhodium Group etc.). In Europe, for-profit companies now constitute around
30 per cent of climate information providers, academia is home to 40 per cent, the
public sector about 20 per cent and non-profits 7 per cent (Cortekar et al. 2020).

The proliferation of CSPs is welcome but presents a problem for users of climate
information: how should they select a forecast? The accuracy of climate predictions
cannot be verified for years, so this cannot be the basis for a decision. Some CSPs
use proprietary models for which the details are not disclosed to clients while, even
if this isn't the case, clients are unlikely to have the in-house expertise required to
critically evaluate models. In a market where experts cannot be differentiated from
charlatans there is no return to expertise. One observer has noted that, “In many
ways, the marketplace is operating on blind faith in model validation and the
professional competence in applying those models,” with some, “products and
services that may be operating outside of the bounds of scientific merit” (Keenan
2019). End users of climate disclosures will also not know whether scenario
expansions used by two different companies are climatologically consistent. If they
are not, their disclosures will not be comparable.

2.5 PRECISION VERSUS ACCURACY

Several CSPs offer high-resolution climate forecasts which can be combined with
information about the location of a corporation’s assets to provide a score
measuring the physical climate risks to which the corporation might be exposed.
These climate forecasts can be at a much higher resolution than those produced by
global climate models and are produced by downscaling the output of global
models. Downscaling has been widely used in weather forecasting since the
method of Model Output Statistics (MOS) was introduced in the 1970s (Glahn and
Lowry 1972). MOS essentially uses the output of a numerical weather prediction
model as predictors in a statistical model for observations. Initial versions used
linear models, but now non-linear models and machine-learning algorithms are also
used, although the underlying principle remains the same.

Because they work on much shorter time horizons, weather forecasters can assume
that the relationship between model variables and observations are relatively
stationary. Stationarity assumptions are more uncomfortable for climate forecasters
to make because the climate is changing. For example, while there is more than one
statistical relationship between sea surface temperatures and hurricane activity that
fits the historical data well, the choice of relationship has a profound impact for
forecasting hurricane activity in a warmer world (Vecchi et al. 2007). It is possible
that predictions from global climate models cannot be refined on scales below
several hundreds of kilometers, although this scale may improve with future
research (Zhang et al. 2016). For example, the UKCP18 probabilistic projections at

12
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a resolution of 25km have been criticized for not being a true reflection of the
uncertainty in future climate at those scales (Baldissera Pacchetti et al. 2021).

There is a danger that users will be seduced by high-resolution, granular data sets
without questioning whether the precision of such products is justified. A recent
study of half-a-dozen scores from different providers purporting to measure the
exposure of individual corporations to physical climate risk showed very little
correlation between the scores, even when they claimed to use similar
methodologies (Hain et al. 2021). Such results raise questions about how much
information such scores really contain about real-world risk.

Companies that view climate-related financial disclosures as a box-ticking exercise
might not worry about the accuracy of climate forecasts. These companies only
need them to be plausible enough to satisfy regulators and shareholders; once that
criterion is met, they may decide on price, precision - even if it's spurious - or by
choosing projections that flatter their disclosures. However, for companies wanting
to make a good faith assessment of their climate-related risk exposures information
asymmetry is a serious problem. These companies need to have confidence in the
forecasts they use in the disclosure process, and they need other stakeholders to
have confidence in them too. Providers of climate forecasts also need a way to
credibly signal the confidence they have in their forecasting technology if they are
to avoid being pushed out of the market by less principled competitors.

2.6 TRACKING PROGRESS TO NET ZERO

“Net zero"” refers to the aim of cutting emissions of greenhouse gases to a low
enough level that residual emissions can be absorbed, either by natural sinks or
carbon-capture technologies (IEA 2021). There is a proliferation of companies and
countries making net zero “pledges” and publishing plans indicating how they hope
to achieve this goal. Some countries, such as the U.K., have enshrined these pledges
in law. However, making pledges and plans, or even passing laws, is one thing,
actually achieving net zero is something else. At the moment, experts can express
opinions about the feasibility of national net zero plans but there is no forum to
synthesise their views into a unified consensus.

Information markets for global concentrations of greenhouse gases, as well as
markets to predict national and regional emissions, would provide evolving
assessments of the credibility of national net zero commitments.

13
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3. INFORMATION MARKETS

3.1 WHAT IS AN INFORMATION MARKET?

Fraedrich Hayek described market prices as a “marvel” for information discovery
(Hayek 1945). Information discovery, however, is a side-effect of most markets
whose primary purpose is to transfer ownership, hedge risk, or allocate capital
(Arrow et al. 2008). In contrast, information markets (also known as prediction
markets) are designed specifically for information discovery. These markets are
typically built around contingent contracts that pay out 1.00 if a specified event
occurs. Participants in the market trade these contracts and a price emerges,
between 0 and 1. This price can be interpreted as a consensus probability of the
event occurring. One of the longest-running information markets is the lowa
Electronic Markets (IEM) that was started by the University of lowa in 1988. IEM
focusses on the outcomes of political elections (Berg and Rietz 2006).

In the IEM, participants trade contracts through a continuous double auction (CDA)
which matches every buyer with a seller. While the market operator is not exposed
to any financial risk, this design can give unsatisfactory results if there are many
possible outcomes or a small number of participants. lronically, if there is a strong
consensus there will be little trading, inhibiting the ability of the market to reveal
this consensus. The underlying problem is that, in a “balanced budget” market, the
rewards that accrue to informed participants must come from the losses of other
participants. To function properly, these markets must attract uninformed traders
who will lose money and indirectly subsidise information discovery. The necessity
of attracting participants, some of whom are certain to lose money, raises both
practical and ethical concerns.

3.2 ALTERNATIVE MARKET DESIGNS

Information markets using a CDA have been successful for sports, entertainment,
and politics® but have struggled when applied to more specialized topics for which
itis harder to attract uninformed traders. Even when used for popular subjects, CDA
markets only perform well when there are a small number of possible outcomes. In
2011 an experimental information market for global mean temperature was run on
the InTrade platform, using a CDA. This market suffered from low liquidity, resulting
in high bid-ask spreads, making inference of probabilities difficult (Boslough 2011).

Breakthroughs in aviation followed the realisation that aircraft do not have to
emulate birds; progress in information markets has been made once it was realised
that they do not have to mimic traditional futures markets. Because the purpose of

¢ The type of politics for which information markets have been successful is arguably “politics as
entertainment”: Who will win elections? Who will have to resign? Information markets for whether
particular policies will be enacted, are generally much less popular.
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information markets is information discovery, rather than the transfer of assets, there
is no need for them to use a CDA. Instead, an automated market maker, always
willing to buy and sell contracts, can provide a minimum level of liquidity. This
market maker can be directly subsidised by a market sponsor to provide incentives
for informed participants to take part, even in the absence of noise traders. The
logarithmic market scoring rule (LMSR) market maker is particularly elegant (Hanson
2003): it ensures that the aggregate gains of market participants — and hence the
cost to the market maker — is equal to the logarithmic scoring rule for probability
forecasts (Good 1952) which is a direct measure of the information content of the
forecast (Roulston and Smith 2002). The amount the sponsor must pay for the
forecast generated by the market is therefore directly linked to its accuracy (see box
on next page).

As well as removing the need to attract uninformed participants, subsidised
automated market makers can facilitate information markets with very large
outcome spaces. A market to predict the opening date of Carnegie Mellon
University’s computer science building used an LMSR market maker to support a
space of 365 possible days (Othman and Sandholm 2013) and, more recently,
markets to simultaneously predict temperature and rainfall in a space partitioned
into more than 5,000 outcomes have succeeded using the same approach. Large
outcome spaces allow continuous variables to be partitioned into intervals,
enabling detailed probability distributions to be produced.

Information markets, such as the IEM, that make participants put in money are
legally classed as gambling or futures markets in most jurisdictions. The |[EM
operates under a “no-action” letter from the Commodity Futures Trading
Commission which permits it to run the market as an academic exercise with tight
constraints on participants and their financial stakes. However, once it is understood
that the participants in an information market should be a source of information
rather than revenue, the rationale for requiring them to pay to take part is
weakened. Removing this requirement allows information markets to be
established in jurisdictions that do not allow gambling, as well as removing
regulatory hurdles in jurisdictions that do. In this form, an information market
becomes a mechanism for distributing funding in which the amount received by
each participant is tied to the improvement they contribute to the forecast.
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PROPER SCORING RULES AND INCENTIVE COMPATIBILITY
Probability forecasts can be scored using scoring rules. If a forecaster optimizes
the expected value of a score by giving their true belief about a probability, then
the score is said to be proper. This condition is also known as incentive
compatibility.

The Brier score (Brier 1950) is an example of a proper scoring rule and is widely
used in weather forecasting. If there are m outcomes and f; is the predicted
probability of outcome i occurring, and the actual outcome that occurs is
outcome k then the Brier score for the forecast is given by

BS =Y. (fi — 6u)* whereéy, =1ifi=kandéy, =0ifi #k

As defined, Brier score is negatively oriented: smaller values are better and the
best possible score of zero is achieved if the actual outcomes was predicted with
a probability of 1.0.

Another proper scoring rule is the logarithmic score (Good 1952). This score is
given by

LS = —log f

The logarithmic rule is also negatively oriented and represents the information
deficit of someone in possession of the forecast. If the actual outcome has been
predicted with a probability of f; = 1 then the logarithmic score is zero: the holder
of the forecast has no information deficit because they know what will happen with
no uncertainty. However, if f; = 1 and outcome i does not occur the logarithmic
score is undefined. This is an important difference between the Brier score and
the logarithmic score: the logarithmic score severely punishes unjustified
certainty!

Not all scoring rules are proper. For example, the (positively oriented) linear score,
which is just fi, seems superficially sensible as it assigns a higher score when the
probability assigned to the actual outcome is higher. However, under this score,
the maximum expected score is achieved if the forecaster reports that f; = 1 for
the outcome they consider most likely even if they believe the probability of it
occurring is less than 1.0. Furthermore, nonlinear functions of proper scores are
not themselves proper scores. Setting targets on proper scoring rules means they
are no longer proper as the forecaster can increase the probability of achieving
the target by reporting probabilities that differ from their true beliefs (Roulston
2007). Forecasting tournaments scored using proper scoring rules can also suffer
from a similar distortion of incentives (Kilgour and Gerchack 2004, Witkowski
2022).
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3.3 ACCURACY OF INFORMATION MARKETS

Information markets produce probabilistic forecasts. A key characteristic that
probabilistic forecasts should possess is calibration: the frequency of events should
match the predicted probability of their occurrence. Figure 3 is a calibration plot of
all election markets run by the IEM from 1988 until 2006. The diagonal line
represents calibrated forecasts for which the event frequency equals the predicted
probability. It is seen that the IEM markets are generally well calibrated (Wolfers and
Zitewitz 2006). Furthermore, the IEM markets to predict vote share were closer to
the actual share than opinion pollsin 76% of elections (Berg et al. 2008).

lowa Electronic Markets: prices and expiry payouts
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FIGURE 3: The calibration of political election forecasts from the lowa Electronic Markets (Wolfers
and Zitewitz 2006).

Predicting elections, however, is not the same as predicting climate-related
variables: the required expertise is different, and elections have a small number of
possible winners, whereas we would like to predict distributions of climate variables
by partitioning their values into large numbers of possible outcomes. The concept
of calibration can still be applied by asking whether the actual value of a variable
falls below the 10t percentile in 10 per cent of forecasts, below the 20" percentile
in 20% of forecasts and so on. Figure 4 is a calibration plot for 23 climate-related
markets run on Hivemind's AGORA information market platform. The predicted
variables were U.K. monthly temperatures and rainfall, monthly average sea surface
temperature anomalies in the NINO3.4 region of the tropical Pacific and the number
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of Atlantic hurricanes occurring during the 2020 hurricane season.’ The plot
indicates that the information market forecasts were consistent with well-calibrated
predictions.

60 80 100

40

occurences lying below forecast quantile (%)
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B calibrated forecasts (95% interval)
© A «== AGORA forecasts (75% of horizon remaining)

0 20 40 60 80 100
quantile of forecast probability distribution (%)

FIGURE 4: A calibration plot of 23 climate-related information markets run on Hivemind's AGORA
platform. Markets were for monthly U.K. temperature and rainfall, tropical Pacific sea-surface
temperatures, and seasonal hurricane activity. The grey envelope denotes the range of calibration
curves that would be expected for 23 perfectly calibrated forecasts. The total forecast horizon
ranged from 2 to 9 months across markets and this curve is for when 75% of the forecast horizon
remained for each market.

While there is plenty of evidence that information markets can be efficient
mechanisms for eliciting and aggregating information, it is not possible to know
whether they will be effective in any given application without trying them. One

"The hurricane markets were run as part of Hivemind’s participation in the Lloyd’s Lab InsurTech
accelerator.

18



CRUCIAL JULY 2022

concern is that calibration issues may arise with long-range information markets if
participants are not compensated for the time value of money (Page and Clemen

2008);

3.4 MANIPULATION OF INFORMATION MARKETS

Once concern with information markets, particularly those addressing a politically
polarizing topic such as climate change, is whether they are vulnerable to
manipulation. Specifically, to what extent could a participant who is prepared to lose
money distort prices in the market to either exaggerate or downplay the risk of
climate change? The participant’'s motive might be that the forecast produced by
the market may be used to make a decision that would be far more consequential
forthem: e.g., a fossil fuel firm wanting to create the impression that climate change
is not a major concern to keep carbon taxes low, or perhaps a civil engineering firm
wanting a higher estimate of sea-level rise to obtain a lucrative contract for building
flood defences.

Theoretical studies have shown that, at least in some circumstances, the presence
of manipulators can enhance the accuracy of information markets by providing
higher returns to informed participants (Hanson and Oprea 2009). In a laboratory
study the presence of manipulators has been shown to distort prices, but not to an
extent that decision makers are no longer better off using the prices. The laboratory
study indicated that a bigger problem might be the reduction of trust decision
makers have in the market forecast if they suspect the presence of manipulators

(Choo et al. 2022).

While it is important to understand how manipulators can distort forecasts
produced by information markets, and what steps can be taken to minimise their
impact, the vulnerability of these markets to manipulation should be compared with
the status quo, or practical alternatives, rather than an ideal situation. The existing
process for creating a consensus view on future climate, which includes the IPCC
process as well as the media and political discourse that surrounds it, is also prone
to manipulation by parties who are willing to spend money (Oreskes and Conway

2011).
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4. A CLIMATE INFORMATION EXCHANGE

4.1 OUTLINE

We propose to establish an exchange dedicated to running climate-related
information markets designed to elicit and aggregate the judgments and models of
diverse experts from relevant disciplines. The exchange will address the problem of
information asymmetry by linking the funding of forecast providers to the accuracy
of the information they provide. The benchmark predictions generated by the
exchange will increase transparency in decision making and the disclosure process
for climate-related risks.

The exchange will host individual information markets for specified variables related
to climate risks (physical and transition) at specified future time horizons.

Using information markets for climate prediction has been suggested by others
(e.g. Hsu 2011, Vandenbergh et al. 2013, Lucas and Mormann 2018, Aliakbari and
McKitrick 2018) but no practical market has been established. The reasons for this
include regulation and the long horizons involved. We will address the regulatory
issues by not making participants pay to take part and tackle the horizon problem
by situating the exchange within a university and using a segregated fund and full
collateralisation to mitigate counterparty risk.

4.2 MARKET DESIGN

The information markets will be hosted on the AGORA platform originally
prototyped by Winton Group (Roulston et al. 2016, Roulston 2017). AGORA was
further developed by Hivemind Technologies after it spun-out of Winton in 2018.
AGORA uses the LMSR market making algorithm (Hanson 2003, see box) enabling
it to support markets with large numbers of outcomes and small or large numbers
of participants.

AGORA allows participants to define contracts covering one or more possible
outcomes and then buy and sell these contracts via the market maker using on-
platform credits. The automated market maker adjusts prices in response to the
trading activity. When the actual outcome becomes known every contract
containing this outcome is worth 1.00 credit while all other contracts are worth
nothing. If participants do not believe they have relevant information they have an
incentive to not trade, thus not degrading the consensus forecast. This arrangement
matches a previously suggested way of rewarding experts to screen out uninformed
ones (Sandroni 2014), except the market also aggregates expertise as well as
incentivising it.

Since AGORA can support markets with large numbers of outcomes, continuous
quantities — such as temperature — can be partitioned into intervals allowing

probability distributions to be inferred. This contrasts with many prediction market
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platforms that focus on binary markets predicting whether a specified event will
occur or not.

AGORA also supports multi-dimensional outcome spaces. This means that markets
can jointly predict atmospheric greenhouse gas concentrations and global
temperatures. Having an implied two-dimensional probability in GHG
concentration-temperature space is powerful because it solves the “circularity
problem” (Sumner and Jackson 2008): suppose that only temperatures are
predicted, if the market is forecasting only a modest rise in temperatures this could
be because the market believes there is a low sensitivity to GHG concentrations, or
it could mean the market anticipates drastic action to curb concentrations. If these
two possibilities cannot be differentiated the information generated by the market
is of limited use when deciding on mitigation policies. Having predictions of
temperature conditioned on GHG concentrations allows these possibilities to be
distinguished resulting in a more valuable information product.

AGORA has been used to host several climate-related markets with horizons out to
10 months. These include markets for monthly sea surface temperature anomalies
in the tropical Pacific (a key diagnostic for El Niflo events), markets for the number
of hurricanes and landfalling hurricanes during the Atlantic hurricane season (Fig.
5), and markets simultaneously predicting monthly temperatures and rainfall in the
United Kingdom (see Fig. 6 and Fig. 7). The temperature-rainfall markets
demonstrated the ability to extract joint probability distributions from participants.
The market structure shown in Fig. 6 could just as easily be for atmospheric carbon
dioxide concentration and global temperature anomaly for a specified future year.
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LOGARITHMIC MARKET SCORING RULE (LMSR)

The logarithmic market scoring rule (LMSR) market maker was developed by
Hanson (2003). It is an example of a subsidised market maker based on a proper
scoring rule. The market maker uses an algorithm to price outcomes based on
how many contracts for that outcome it has already sold, relative to other
outcomes.

Let there be m outcomes and let the market maker’s exposure to outcome i be g;.
The pricing rule is based on a cost function given by:

C(q) =blog (Z eqi/b>

i=1

where b is a liquidity parameter that determines how much the market maker will
change prices in response to a given change in exposure and the maximum loss
the market maker can suffer.

The prevailing prices the market maker assigns to each outcome, p;, are given by
the slope of the cost function:

-
ac _ e "/

p. ==
J aqj ﬁlte/b

Note that the prices are normalised so that ¥jL; p; = 1 and that as the exposure
of one outcome becomes large (relative to other outcomes) its price tends toward

1.00.
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The blue area under the curve represents the amount the market maker will raise
selling contracts up to a given exposure. If that outcome occurs, the market
maker will pay out 1.00 for each contract, so the grey area represents its net loss.
The size of the grey area, and hence the net loss, is bounded.
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FIGURE 5: The evolution of the number of Atlantic hurricanes (Category 1 or higher) during the 2020
hurricane season in an AGORA market run during the Lloyd's Lab InsurTech accelerator. Historically
the average number of hurricanes during a season has been 6. When the market opened, at the end
of August, there had already been two and the market immediately predicted 9. By the end of the
season there had been 13 (although the National Hurricane Centre upgraded Tropical Storm
Gamma to a hurricane in its post-season reanalysis released in April 2021). The market produced a
complete distribution for the number of hurricanes, from which the median and 50% interval were
inferred.

AGORA allows participants to trade either through the user interface or using the
APIl. The API enables programmatic trading and allows participants to integrate
their own models directly into their trading strategies enhancing efficient
information discovery and aggregation. The API can also be used by end-users of
the information generated by the markets to access it in real-time.
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FIGURE 6: The prices on 22" May 2018 in a market simultaneously predicting monthly temperature
and rainfall for the United Kingdom in June 2018. The outcome space is divided into 5,207 outcomes
each covering 0.2°C in temperature and 5mm in rainfall. The participants were 24 groups from British
universities with expertise in meteorology, climate science and statistics. The prices can be
interpreted as a joint probability distribution. The actual values for June were 19.9°C and 34.7mm
(2018 tied for the second warmest June on record in the UK). Notice the negative correlation
between rainfall and temperature (hotter summers tend to be drier) which emerged from participant
trading.

24



CRUCIAL JULY 2022

&1 April &1 April
R
P — mean P
& std. dev 2.
2 i ® actual =
o
8= 1910-2017 mean Eo
2 e g 5511 )
& ? I -
aé_g, 1910-2017 std. dev. : T
3 [=3
04 3
o o
o
&1 May &1 May
= ol
& b -
T NS £
£ = Eg
® | 21|
b ] bl
£ e i
3 g hﬂ\“uﬂk
o o
{Tel| S
<71 June =7 June
2 b o
o e e Z
< e T =
guol £
2 =84 ¢
1] e 1
£ i g p T
5 i
“ ; T
o = i
0 1 g
&7 July me‘ &7 July
2 booooo o] ! =
5 e ] 23
< e il
o €
g i [ DR |
ET g Bt :
£ I .
= - o
o o i
© ] =¥
<7 August <7 August
& A i 3 2
[} e =
gef [T £
= =61 & —_—
ge- < RW»
Qm, 24
o o
w0 ] — oy -
&7 September &7 September
& o
. 24
o P e e . ) =
v ,Jf\—r—"ﬁ’“‘«—/ E
8 =84 s i N Wi, )
gol < " by
£ e
2 [=3
| 3
o L] o P

Mar Apr May Jun Jul Aug Sep Mar Apr May Jun Jul Aug Sep

FIGURE 7: The evolution of the marginal price distributions for UK average daily high temperature
and monthly rainfall for the markets covering April to September 2018. All the markets opened on
12th March 2018. The markets for April and May were closed for trading on 15th May and 15th June
respectively, after the Met Office had published the official figures (the “actual” denoted by the red
dots). The markets for June to September were closed on the last day of the relevant month, before
publication of the official number. The green lines show the mean and standard deviation for the
relevant month calculated using 1910-2017 data.

4.3 CREDITS SYSTEM

AGORA participants trade using on-platform credits without participants having to
“pay-to-play”. Previous AGORA markets have rewarded participants with cash
compensation either through a tournament structure, in which those who
accumulate the most credits receive fixed cash pay outs, or through a lottery system,
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in which the probability of a participant winning a cash payout is proportional to the
number of credits they accumulate. While both arrangements worked well, the
tournament structure can, in theory, distort behaviour by motivating people to
accumulate a certain number of credits rather than maximize their expected credits.
The lottery system does not suffer from this problem, but while it incentivises people
to behave in a risk neutral way, given they have chosen to participate, the random
element of the reward may deter people from participating in the first place.

To overcome the drawbacks of tournament and lottery structures, the climate
information exchange will use on-platform credits that represent claim on a
proportion of funding from the users of information. Each quarter, a share of
funding will be deposited in a segregated trust account.® Participants will receive an
endowment of credits. The market makers in each market will also be allocated
enough credits to cover their maximum possible losses (which are strictly
constrained by the LMSR market making algorithm). The prevailing cash value of
these credits will be the funds in the segregated account divided by the total
number of outstanding credits.

When new credits are created, whether to endow participants or the market makers
of newly created markets, cash will be deposited in the segregated fund at the
prevailing credit price, thus leaving the cash value of credits unchanged. Money
may also be deposited in the fund without creating new credits causing the value of
each outstanding credit to appreciate. Under this arrangement the cash value of
credits will never decrease. Initially, the cash value of the credits may be quite low.
Nevertheless, participants will have an incentive, even in these early stages, because
of the anticipation that the value of credits gained through trading will increase
substantially as funding from sponsors rises.

Credits are transferable between markets. This encourages participants to self-
select and focus their attention on those markets where they believe they have an
informational advantage. Due to the long-range horizons of some of the markets
endowments of credits to participants will be “locked-up” for multi-year periods
encouraging them to participate in these longer-range markets.

The credit system allows the exchange to be a mechanism for distributing money
from the users of forward-looking climate information to the providers of that
information in a way that directly ties the compensation of providers to the accuracy
and timeliness of the information that they provide. This will serve as an additional
funding stream for applied climate research and align the incentives of providers to
overcome the flaws in the marketplace for climate information described in Section
.

8 The share deposited should be determined by a stable and transparent policy but allowing some
discretion.
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4.4 PARTICIPATION

The climate information exchange will host markets for physical risks (e.g.
temperature and sea level rise) as well as indicators of transition risk (e.g. GHG
emissions and uptake of clean technologies). Therefore, we will recruit participating
members with a wide range of expertise in social sciences and policy as well as
physical climatology. Both individuals and institutions will be eligible for
membership. Institutions would include think tanks, academia, and private
companies. We have received letters of interest from institutions who would be
keen on becoming participating members.

Over one hundred people with expertise in climatology, meteorology, statistics and
machine learning from universities and the private sector have already participated
in AGORA markets. They have validated the market design and demonstrated the
effectiveness with which it is able to elicit and aggregate the expertise of
participants.

4.5 MARKETS: CORE AND CUSTOM

Markets on the exchange will be either core or custom. Core markets will be funded
from a general funding pool. The information they generate will be publicly
available. Core markets will typically provide high-level forecasts of wide interest:
e.g., global carbon dioxide concentrations and temperature anomalies in future
years.

Custom markets will be bespoke. The subsidy for the market maker for these
markets will be provided by sponsors interested in forecasting a specific climate-
related risks, e.g., sea-level rise in a specific location. To what extent market
sponsors have exclusive access to the information a market generates will need to
be decided. In some cases, the market sponsor may have no objections to public
dissemination (possibly with the information being co-branded) but there may be
potential sponsors who want information from their market to be private.

4.6 MARKET HORIZONS
Timescales relevant for climate risks are intrinsically decadal so many markets will
be on horizons of 20 or 30 years and, ultimately, even longer than this. However,
there are reasons to run additional markets on shorter time scales of 1 or 2 years.
Firstly, information about short-range climate risks, e.g., hurricane activity or the
intensity of the Asian monsoon, is potentially useful and shorter-range markets will
help engage participants and allow them to familiarise themselves with the market
design. In addition, near term markets provide a baseline to compare with longer
range markets: e.g., a market generating a probability distribution for hurricane
numbers next season can be compared with an otherwise identical market for 20
years hence, implying a consensus view on how participants expect hurricane
activity to evolve.
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4.7 EXAMPLE MARKETS

The table below provides some examples of information markets that could be
hosted on the exchange. For longer horizons there will be separate markets
targeting specific years at intervals of 1, 5, or 10 years.

MARKET HORIZON DESCRIPTION

CO, emissions 1-10 years Annual global and regional carbon dioxide
emissions.

CO; concentration 10-30 years Annual average of carbon dioxide
concentration (as measured at Mauna Loa
observatory)

CH,4 concentration 10-30 years Annual and global average of methane

concentration according to NOAA Global
Monitoring Lab.

global temperature anomaly 10-30 years Annually averaged global temperature
anomaly relative to a defined baseline,
according to a specified index such as
HadCRUT.

Joint CO,-global temperature | 10-30 years Two-dimensional outcome space to
generate predictions of global warming
contingent on CO, concentrations.
global sea-level rise 10-30 years Global average (eustatic) sea-level rise
according to recognized source: e.g., Univ.
of Hawaii Sea Level Center.

Arctic sea ice 1-10 years Minimum annual sea ice as reported by the
National Snow & Ice Data Center.

El Nifio 1-12 months Monthly value of sea surface temperature
anomaly in NINO3.4 region of tropical
Pacific.

Atlantic hurricane activity 1-20 years Markets for number of hurricanes per
season, number of severe hurricanes
(CAT3+)

All India rainfall index 1-20 years All India rainfall index during the summer
monsoon period.

Crop yields 1-20 years Crop yields in key producing regions.

4.8 INAUGURAL MARKETS

The exchange will open with a group of inaugural core markets for predicting
annually averaged global carbon dioxide concentrations and global temperature
anomalies. There will be a market for each year for the next 20 years. Each market
will have a two-dimensional outcome space defined by partitioning the annual
average carbon dioxide concentration (as reported by the Scripps Mauna Loa
observatory) and the global average temperature anomaly (as defined by the most
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recent version of the Hadley CRU temperature anomaly time series).? The market
outcome space would be analogous to that for temperature and rainfall shown in
ElLek R

The choice of carbon dioxide and temperature as the inaugural set of markets is
partly driven by the desire to provide relative likelihoods of different scenarios, a
data gap already mentioned. The two-dimensional outcome space is dictated by
the need to solve the circularity problem highlighted by Sumner and Jackson
(2008). Because understanding future carbon dioxide emissions and concentrations
requires synthesising views about national economic and energy policies while
predicting global temperature anomalies conditioned on carbon dioxide
concentrations is the central challenge of physical climate modelling the two-
dimensional market will be an excellent showcase for the ability of information
markets to aggregate judgment and modelling across a large array of diverse
disciplines.

The near-term markets (less than five years) won't provide much information about
long term climate change, but they should capture knowledge of phenomena like
El Nifio-Southern oscillation and volcanic eruptions and incorporate them into a
complete “forward curve” for global temperature. The settlement of near-term
markets should also stimulate interest and promote engagement.

The opening of the markets will be phased, with the near-term markets being
opened first and then augmented with longer-range markets over a period of
months.

The information product of the market—consensus probability forecasts of carbon
dioxide concentration and temperature anomalies and the relation between them-—
will be of wide interest. If the participants include a large enough number of
recognized international experts in relevant fields the consensus forecasts will
provide a valuable reference point in any discussions of climate change.

4.8 AGORA INTELLECTUAL PROPERTY

The intellectual property and codebase for the AGORA platform was donated by
Hivemind Technologies Ltd. to the University of Lancaster in July 2022 for use in the
climate prediction market project.

? As with weather derivative contracts, contingency arrangements specifying alternate measures of
carbon dioxide concentration and global temperature anomaly to be used to settle markets if the
primary measures are, for some reason, unavailable will be specified in the prospectus for market
participants.
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5. INFORMATION MARKETS AND ACADEMIA

5.1 CLIMATE FORECASTS ARE A PUBLIC GOOD

Many of the envisaged information markets will produce consensus forecasts of
value to many parties. Forecasts of carbon dioxide and other greenhouse gas
concentrations and global temperature anomalies are of wide interest. In
conversations with financial firms about climate risk, the paucity of information
about the relative likelihood of different scenarios has been one of the first data
gaps they highlight. A sequence of probabilistic forecasts for atmospheric
concentrations of carbon dioxide would allow relative likelihoods to be assigned to
the IPCC or other scenarios.

While information about carbon emission pathways might be of considerable
interest and value, it is also difficult for a provider of the information to capture this
value. The provider is likely to find itself in the same position as the credit ratings
agencies after the invention of the Xerox machine (see Box “Bad incentives, bad
information: An example” in Section 1). Once the information is produced it can be
easily copied and distributed by others, it is “non-excludable” and “non-rival” as
economists would say. With some information products the market can be
segmented based on the freshness of the data: you can get share prices delayed by
15 minutes for free, but trading firms pay substantial amounts for a “low latency” live
feed. Unfortunately, while there may be situations when consensus forecasts of
future climate change rapidly (for example, the announcement of a new carbon tax),
in general, climate forecasts evolve slowly enough that freshness cannot command
a premium price.

The non-excludable and non-rival nature of the forecast information that will be
generated by the exchange mean it is a classic example of a “public good”. Such
goods are typically provided by governments, philanthropists (including
crowdsourced philanthropy), or consortia of users. This aspect of the information
exchange suggests a non-commercial model is appropriate.

One of the functions of universities is to discover information and disseminate it.
The channels typically used are academic journals and conferences. The mechanics
of an information market are obviously different to a journal, but they serve the same
purpose: the elicitation, aggregation and communication of information and
expertise. Academia’s mission to discover and disseminate information for the
benefit of society provides a justification for a climate information exchange to be
hosted by university.

5.2 LONGEVITY AND GOVERNANCE
Another argument for a university hosting a climate information exchange are the
long horizons of some of the markets. As mentioned, some markets will not settle
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for more than 20 years after they first open. While participants will be able to trade
in and out of the market there still needs to be an expectation that the exchange will
be around when the actual value of the target variable is known and the market
settles. There is likely to be more confidence in this longevity if the market is hosted
by an academic institution than if it is hosted by a commercial entity, particularly one
of very recent origin. British universities are subject to the Freedom of Information
Act would ensure enhanced transparency.

Even though participants are likely to have more confidence in the longevity and
stability of a university there should still be a contingency plan for winding-up
markets before their scheduled settlement date. Circumstances may mean the
institution can no longer host the markets and, if an alternative operator cannot be
found, markets will have to be closed and settled before the forecast can be verified.

Markets can be settled prematurely by cashing everyone out at prevailing prices.
Under an LMSR market maker in which market subsidies were deposited in a
segregated fund when the market was initialised, and participant endowments were
similarly deposited, the contents of the fund will be able to cover the necessary pay
outs. The existence and design of this procedure for prematurely settling markets
should be known to participants.

5.3 HOST INSTITUTION BENEFITS

The aim is to attract a population of market participants representing international
expertise across all disciplines relevant to climate-related risks, including physical
sciences, economics and other social sciences, politics and policy studies and
technological innovation. This will raise the profile of the hosting institution among
researchers in all these fields.

The information exchange could serve as a nexus for interdisciplinary research. The
necessity of aggregating expertise across a wide range of disciplines is integral to
the project. By providing an apparatus and reason for bringing diverse researchers
together the information exchange could stimulate cross-cutting activities such as
workshops and research projects.

It is hoped that the forecasts generated by the climate information markets will
become a standard reference point in discussions of climate change. For example,
journalists could refer to the relative likelihood of different IPCC scenarios implied
by carbon dioxide concentration markets. Coupled with a good branding strategy
for the information products, this should raise the international recognition of the
host institution among the public, in the context of climate change research.

The information exchange will generate forecasts of climate-related risks, but it will
also generate data about the behaviour of markets. It will facilitate research into
market design which can hopefully feedback and inform the development of the
exchange platform.
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6. SUMMARY

As climate change becomes a more recognized source of risk by companies,
shareholders, and regulators there will be an increase in the demand for forward-
looking information concerning both physical climate risks and transition risks
caused by the decarbonization of economies. In addition, public and private sector
organisations will increasingly need forecasts of climate-risks, that are credible and
transparent, to assist their decision making and risk management.

The marketplace for forward-looking climate information is fragmented and suffers
from information asymmetries. These asymmetries introduce moral hazard, making
it vulnerable to market failure, in which bad products crowd out good products.

Information markets solve the problems of fragmentation and asymmetric
information because they are tools for eliciting and aggregating distributed
knowledge and expertise and provide incentives for accuracy. Participation in
information markets will allow providers to signal the confidence that they have in
their predictions and get compensated for skill.

We propose establishing a climate information exchange that will use information
markets to produce consensus forecasts of climate-related risks through the
participating of relevant experts from academia, think tanks and private companies.

The exchange will serve as a mechanism for the consumers of climate research to
fund that research in a way that is directly tied to its effectiveness. It could become
an important source of new funding for institutions engaged in climate-related
research helping to mitigate the problem of underinvestment in such research.

The exchange should become a hub for international expertise in an array of
disciplines relevant to forecasting climate risks, including physical sciences,
economics, social sciences, and policy.
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