IIFET 2000 Pr@eedings

Asset Pricing and Option Trading
for Harvesting Rights to Renewable Resources

Eyjolfur Gudmundsson, Lecturer, Faculty of Fisheries Studies,
University at Akureyri, Iceland

and

James L. Anderson, Professor, Department of Environmental and Natural Resource Economics,
University of Rhode Island, Kingston, Rl USA

Abstract: This paper discusses the use of options as a tool to retrieve valuable information on the value and level of risk
associated with owning a share in a stock of renewable resource. The objective is to show how theory on options trading can
be used to obtain information on the perceived risk of the resource, and to discuss how this market information can be used to

enhance the economic performance of the management framework in place.

Keywords: Renewable resources, fisheries management, options, options trading, harvesting rights, ITQs.

1. Introduction

The commons of the world include renewable
resources, such as water, forests, fisheries, land, etc.
The tragedy of open access to the commons is all too
well known, where the common future of the resource
tends to decimate the resource in question (Hardin,
1968).

The general trend in history has been one of
privatization of common resources after the resource
has been over-harvested as common property
(Stevenson, 1991). In the last two decades, the trend
has been the same for fisheries resources, where more
and more fisheries are controlled through individual
guota and other rights-based systems (see Wilen, 1985;
Hannesson, 1991; Arnason, 1995; Squietsl, 1995;

and Graftonet al, 1996).

Privatization of fisheries resources has, in most cases,
led to enhanced economic performance of the fishery.
Fisheries of New Zealand, Iceland, and the halibut
fishery in the US are all examples on how privatization

has improved economic efficiency of those fisheries

(see Hannesson, 1996, Runolfsson, 1996, Runolfsson,
1999, Homans and Wilen, 1997).

With the privatization of common resources, markets
for ownership, or harvesting rights, emerge. Those
markets should generate valuable information for the
resource manager.

Financial and commodity markets have developed
rapidly over the past century, despite the fact that
markets are far from perfect. These markets use futures

contracts extensively, and recently various forms of
options. These markets provide valuable information to
participants in the spot markets for the underlying
assets.

The most important role of markets for options is not to
be a price discovery mechanism but rather: “...Provide
valuable information about the volatility and hence the
risk of the underlying spot asset” (Chance, 1998).

The objective of this paper is to show how options

trading can be used to obtain information on the

perceived risk of a renewable resource, such as a fish
stock. We also discuss how this market information can
be used to enhance the economic performance of the
management framework.

We start by reviewing theoretical work on prices of

harvesting rights of renewable resources, and give an
overview of classic finance theory on the asset pricing
models. We then go on to describe how options
markets could be used as a price formation market for
harvesting rights of renewable resources. We then
discuss how these tools could be used to include
additional information for the management process in
order to enhance existing management framework.

2. Background

The wasteful means of unlimited harvesting of fish
stocks has probably been known for a long time. Over-
harvesting of some sort has occurred, and indeed was a
reason for exploration of new fishing grounds in the
Middle Ages. In Japan, coastal ocean resources were
allocated to specific user groups as early as the 17



century (Yamamoto, 1995). The economic problem of
open access fisheries was first formalized by Warming
in 1911 and Andersen (1983). More famous is the work
of Gordon (1954) and Scott (1955). Initially, the
economic discipline suggested that limited entry be
used in order to reduce the effort in the fishery (Copes,
1986).

The idea of allocating ownership of a share in the total
allowable catch from an fish stock, to individuals, were
set forth by Christy (1973), and formalized by Moloney
and Pearse (1979) and Clark (1980). This early work
focused on showing that individual transferable quotas
(ITQs) are a sustainable and efficient form of managing
fisheries resources. As ITQ systems have been
implemented in fisheries around the world, the research
focus is shifting towards efficiency, equity,
effectiveness, and price formation for ownership rights
in ITQ fisheries.

Arnason (1990) showed that under individual
transferable share quota system (ITSQ) minimum
information was needed obtain socially optimum
management in fisheries, all the resource manager had
to was to maximize the spot value of the quota shares.
Arnason named this approach the Minimum
Information Management System, or MIMS, for short.

The MIMS system assumes that the resource manager
wants to find a time path of fishing effort that
maximizes present value of industry profits, subject to
biological and technological constraints, under a system
of Individual Transferable Share Quotas (ITSQ). The
objective function is:
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where {¢,} stands for path of individual firms quota

shares for firmi, {Q} is the optimal path of the total

allowable catch (the allocated quotgfx) is the growth
function for the stockp is price (assumed constant)s
discount rate, and is number of firms. Price and
discount rates are assumed to represent true social
shadow prices. The individual firm is assumed to
maximize its profits according to:
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where all variables are the same as in equation (1)
except this time the change® (n quota held by each
firm is multiplied by the price each firms sells or buys
guota shares, and quota holdings becomes the control
variable.

Using Hamiltonian  formulation for  dynamic
optimization and applying Pontragyn's maximum
principles, Arnason proves that under the given
assumptions, maximizing the price for quatajs the
same as if the firm maximized their individual net
profits, or:

)
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Hence, the quota authority only needs to monitor quota
prices and adjust allocated quot&3, such that the
market price for quotas is maximized.

This result is based on several critical assumptions.
Among these are that the expectations of the fishing
firms are the best available predictor of future
conditions in the fishery, and that the resource rent and
profits are equivalent, or:

#  (p-Cc-El(d,%)-q = p-g —~C(E(q",X))

and equation (4) must hold for allandt. Another
critical assumption is that social and private discount
rates are the same. Generally speaking, social and
private discount rates are not assumed to be the same,
and some economists have argued that social discount
rate should be close to zero (Solow, 1992).

These assumptions are restrictive and make practical
use of the MIMS system difficult. Squires and Kirkley
(1996), Matthiasson (1997), and Lindner (1992) have
shown that in the face of transition, or under non-
equilibrium conditions, quota prices may not reflect the
true shadow value of the resource.

As an example, we can imagine that discount rates are
high. This means that future revenues account for an
increasingly smaller part of the asset's net discounted
value. Let's say that under those circumstances, the
resource manager has been observing the quota market
for a while, and decides to increase the allowable
harvest in order to increase the overall value of the
share in the resource. The resource manager is unsure
of the effect the increase in harvest will have on the
future sustainability of the resource. The market value



of the asset might increase, signaling to the resource
manager that his decision was good. However, this
increase in value may come with increased uncertainty
about the future state of the resource. The value of this
uncertainty is included in the price of the asset, and,
therefore, it is not possible for the resource manager to
actually observe the increase in uncertainty. He might
be headed down the wrong path without warning. This
is where the resource manager will make use of
observing the options market for harvesting rights to the
renewable resource.

3. Finance theory

We define net income as the difference between price,
P, and economic costs,

5) Nl =P-c

The value of each share is the discounted future net
income from holding that asset. In standard financial
theory the value of an asset in a deterministic world is:

L NI
T

t=1
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Extensive variations to this formula have been used in
the financial literature, but the basic notion is always
the same. Nothing is worth more than it will pay back
to the owner-

It is important to note that different discount rates will
value the same asset in different ways. Hence, if the
private discount rate is higher than the social optimum
discount rate, the private sector will value the asset less
than is socially optimal.

One might argue that stocks in a corporation traded on
the stock market bear many similarities to a share in a
renewable resource stocks. First of all, one holds a
share in the company, which value might increase or
decrease due to actions of the management team, just as
resource manager can increase the stock of a resource
through @od management practices. Second, this share
is expected to yield some dividend and/or growth over a
period of time. In the same manner, the share in the
resource is expected to yield some net income and/or
growth.

Major factors that affect the price of an asset are risk
and uncertainty. Generally speaking, investors are risk
averse and are willing to trade an asset with high risk
for an asset bearing lower risk, if both assets pay the
same dividend.

! This, of course, excludes all non-monetary attributes
of the specific resource in question.
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By holding shares in many stocks, the overall risk of the
collection of stocks (portfolio) can be reduced. This is
the basic notion behind the Capital Asset Pricing Model
(CAPM) developed in the 1960s and 1970s (for
overview on CAPM see Copeland, 1992). The basic
formula of the CAPM model is:

@)
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where A =
var(,,)

R

where B is the spot price for the asseé is the

expected value of the asset, is the expected rate of
return, and ¢ is the risk free rate of return (discount
rate). The CAPM model takes into account the relative
risk of the asset compared to the overall portfolio of
investment.

An overview of the basic asset price theory shows that

the asset price has two basic components; the
discounted value of the net income stream and the value
of the risk associated with the asset. In order to extract
the pure value of the risk, one must turn to theory on

financial derivatives.

3.1 Options

Options have been used for a long time as a way to
alleviate risk among trading partners. Options are a
contract that gives the holder the right to buy, or sell, a
specific asset at a given price and time in the future.

In 1973, formal trading exchange in option contracts

was established by The Chicago Board of Trade. This
was an independent exchange, named The Chicago
Board Options Exchange. This market became highly
successful from the beginning, and is currently the

largest options exchange market in the world.

So, what is the value of an option? How much is
someone willing to pay for theght to do something?
This question is complex. The are many factors that
enter the decision process, and some of them, such as
perceived risk or different investors expectations make
it difficult to form a unique price for each option.

Black and Scholes (1973) developed a method to value
options. The model is complex, and the derivation. is
beyond the scope of this paper, but we will present the
basic steps in the derivation of the Black and Scholes
option pricing model. This overview is based on Hull
(1989).

Assume that the price movement of a share in a
resource stock can be described, using discrete form, as:

AS

8) — = uAt+oAz
®) S Y2

where S represents the share prige, represents
expected rate of return and is the share price



volatility, and A4z is aWienerprocess. This equation is
known as ageometric Brownian motién and is a
stochastic process around a mean with a time trend.
Ito’s lemma proofs that a functidnwhich depends on

S and t, follows a particular process, known as Ito
process; shown below in discrete form:

2
©) Af:[af S+af+lafo—zszjm+2fso&z

s T2 s

wheref is the price function for a given derivative on
shares with pric&. Investors can reduce risk by buying
both stocks and options on a specific stock. By taking
opposite stands on the stock and options market, the
investor can eliminate the uncertainty described by the
Wiener processdz. The value of a portfolio with a
short derivative and a long share position is:

1oy IMM=-f+ a S
0S
and the change in value is then:
of

(11) AIl =-Af +—AS
0S

Since this would be a risk-free portfolio, it must earn
the same rate of return as other risk-free investment
opportunities in a world with no transaction costs.
Hence, the change in the value of the portfolio over a
small time interval is:

(12) AIT = rTIAt

and substituting equations (10) and (11) into equation

(12) gives us the Black-Scholes-Merton differential
equation.
2
(13) X T Lpeg2? 2 =r-f
ot ot 2 0S

This equation is a general formula with many different
solution depending on the boundary conditions on the
differential equation. The most famous solution is the
Black-Scholes option pricing model for valuation of

European call options. The solution for a European
Call option has the boundary condition as:

(149) f=max@S-X,0)whent=T

where S is the stock price, X is the strike price, and t
stands for time. Using the above boundary condition to
solve equation (13) gives the Black-Scholes model,
generally represented with three equations:

2 See Hull, 1989 p. 226
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Hence, the value of an option depends upon five
factors, the stock price, S, the strike or exercise price,
X, the risk free interest rate, r, the time to maturity, T,
and the stock price volatilityy. Of these, the risk-free
interest rate, stock price, and the stock volatility can be
regarded as exogenous to the value of the option. The
other factors are chosen by the investor who writes the
option. However, what does not enter the value of the
option is the investor's expected rate of return. Hence
the option price for a given strike price gives valuable
information about the overall market expectations on
the value of the uncertainty of the underlying asset.

The boundary condition (14) is really the intrinsic value
of the option, i.e., the value of the option. The total
value of an option is then its intrinsic value plus its time
value. A simple graph below explains how changes in
one of the parameters affect the total option value.

$
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P
Asset Spot Price

Call

Figure 1: Option value and different time periods

Figure 1 shows the value of a European Call option at a
given strike price, compared to the value of the
underlying asset. The 45° degree line represents the
difference between the spot price(s) and the strike
price(s). The distance between points A and B
represents the intrinsic value of the option, or the
difference between the spot price and the strike price.
This would be the value of the option if it were
exercised immediately, since the exercise price is higher
than the current spot price. If the option expires some
months later, its value would be.PThe total value of
the option is then the intrinsic value (B — A) plus the



time value (C — B), which represents the risk premium.
It is the time value that contains the most important
information, since it depends on the volatility of the
price of the asset. Changes in time value will,
therefore, give the holder of the asset valuable
information on the changes in perceived risk of the
asset.

Asset Sr;ot Price

S,

Figure 2: Option value and changes in asset price

Figure 2 shows how the option value changes when the
underlying asset increases in price. We begin with an
asset price S and option value P for a strike price
equal to the current spot price (also called at-the-
money). Now assume that an exogenous event causes
the asset price to instantaneously increase. The asset is
now more valuable, but the question remains, what
happens to the value of the option? In this example, the
price of the at-the-money option ,JPhas increased.
Since time to maturity has not changed, the comparison
of the at-the-money option immediately before and after
the exogenous event reveals information about
perceived risk. In this example, perceived risk
increased after the exogenous event.

4. Using market information to evaluate

management practices

First, let's look at the signals that the resource manager
receives from the spot market. There are several
reasons why a share in the resource might increase in
value. There might be increased demand for the
product from the resource, leading to higher prices, and
hence, making the current value of holding a share in
the resource higher. This might hapmkspitethe fact
future sustainability of the resource may be threatened.

Second, the increase might be due to better
management practices leading to a more valuable asset,
such as conservation methods that lead to larger fish
stocks in the future. Third, the buyer might have
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expectations of increased price in the future, and fourth
the buyer might have some knowledge about future
status of the resource, or products derived from it,
which the resource manager is unaware of.

It is clear that simply observing the spot price of the
stock sends mixed signals to the resource manager. The
manager cannot make strong conclusions about the
effectiveness of the management plan in place and,
therefore, needs more information.

If there is an active market for options in the shares of
the renewable resource, the market will reveal the
expectations about the risk of the resource from those
who participate in the trading. Those most likely to
participate are the current owners, processors that use
the resource, and speculators.

LEAPS could give the resource manager the most
valuable insight into the expected state of the resource
in the future since they have an expiration period of
several years.

For a given r and T, if the optimal premium increases,

the traders must be expecting a decreases in price
volatility of the share and/or the share spot price, and
vice versa for a price decrease of the option.

As previously illustrated, if we look in combination at
the spot price and the options price, the resource
manager can deduce some valuable information about
current expectations regarding the future state of the
renewable resource in question.

First, let's assume we have a fishery with an ITSQs
management system. The fisheries management
announces the TAC for the next five years, given no

environmental or ecological changes. Hence, there is
uncertainty about the actual TAC for any given year in

the future. There is a public, well developed spot

market for share quotas and options, where participants
can buy or sell without restrictions. Prices for quota

shares depend on the expected price for the final fish
products, TAC, and quantity of available shares for

sale. The objective of the fisheries manager is to
maximize the total resource value over time.

Let's examine what happens if the price of quota shares
on the spot market increases without any announced
changes in the TAC. This could happen for two
reasons; either the expected price for fish products
increased, or the perceived volatility of the value of the
asset has declined, all else constant. If the spot price for
shares increases due to an increase in expected fish
prices, the time value of the option will not change. If
the spot price for shares increases because of decreased
volatility, time value of the option will decline.

3Currently, LEAPS with three-year maturity are being
traded on the CBOE.



Another example would be if the fisheries manager
chooses to set the TAC. This will likely change the
perceived volatility of share value. Since the TAC is
higher, the prices of shares in the harvesting rights of
the resource are likely to increase, especially if the
discount rate is high. However, to determine if, in fact,
the change in TAC increases the perceived volatility of
the share, the manager should look at the option value.
If volatility (likelihood of stock collapse) is perceived to
increase, the options value will increase.

What becomes important for fisheries managers of an
ITSQ fishery with active option trading for the
underlying share in the fishery is to monitor the
interaction between the spot price and the option price.
By so doing, the fisheries manager can better make the
tradeoff between maximizing the value of the resource,
and reducing perceived risk of the resource. Hence,
active options trading can be used as a valuable tool for
fisheries managers in understanding the volatility
(sustainability) of the resource.

5. Discussion and conclusion

Shares in the TAC for a given fish stock are like share
in a publicly traded company. The tools and trades of
modern stock trading can, therefore, be applied to
trading in shares of the catch from a fish stock.

In this paper, we have reviewed classical financial
theory and shown how the tools of the financial markets
can be used to extract useful information for those
participating in the fishery, as well as fisheries
management.

We also discussed Minimum Information Management
Systems for fisheries and pointed out that some of the
model limitations become less severe if option trading
is taken into account.

If trading with quota shares does develop to the same
extent as modern stock trading, various information on
the fish stock and the expectations of those who trade
products from the fish stock could be extracted. This
could be done by simply monitoring the trade of shares
and by monitoring the trade in options for quota shares.

It is our belief that private property rights will develop
in most of the world's fisheries over the next few
decades. The need for asset and derivative pricing for
guota trading is likely to rise significantly over the next
few years.

There is much to be done within this field of fisheries
economics. Bioeconomic analysis is known to be
complicated theoretically and difficult to test

empirically. Options pricing is also difficult, requiring

knowledge of stochastic calculus and dynamic
optimization.
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The next step would be to formalize the ideas set forth
in this paper to include information from options
trading within a dynamic bioeconomic model. This is
needed in order to show how option prices could be
used directly to enhance the information available for
fisheries management, and by so doing, increase the
overall efficiency of the fishery in question.
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