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Efficient Market Forecasts
Utilizing NYM EX Futuresand Options

Steven Cahill

(Abstract)

This study develops a method for estimating confidence intervals surrounding
futures based forecasts of natural gas prices. The method utilizes the Barone-Ades and
Whaley modédl for option valuation to "back-out" the market's assessment of the
annualized standard deviation of natural gas futures prices. The variousimplied standard
deviations are then weighted and combined to form a single weighted implied standard
deviation following the procedures outlined by Chiras and Manaster. This option implied
weighted standard deviation is then tested against the more traditional "historical” measure
of the standard deviation. The paper then devel ops the procedure to transform the
welighted standard deviation and futures price into a price range at the option expiration
date. The accuracy of thisforecast isthen tested against 15 and 30 day average forecasts.
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1 Purpose of Study

This study devel ops a method for estimating confidence intervals surrounding
futures based forecasts of natural gas prices. The central model uses options based
measures of the distribution from which future natural gas prices will be drawn to
devel op probabilistic expectations about the mean and standard deviation of a gas futures
contract at expiration. These measures can help market participants (both financial and
physical) devel op realistic expectations about the range of possible price outcomes.

2 Introduction

Although current futures prices provide aforecast of market participants price
expectations for future dates, the price alone provides no information regarding the
distribution of these price expectations. To gain more information, the historical standard
deviation of futures prices could be measured and used to develop a probability (or
confidence interval) surrounding the current futures price. This method is used by many
market participants but it may not be the best method to take advantage of all the
information present in the market. An alternative method isto use information contained
in options prices to develop a measure of the futures price standard deviation. Efficient
option prices should contain all available information - including costly information that
may not be available to the casual user - including the distribution of expectations of
future prices. Options traders must combine their assessments of the historical standard
deviation with perceptions of future price movements to accurately price the option under
consideration. A properly specified option pricing model can be used to extract the
traders expectations about future price movements.

This paper will first present a detailed discussion of the theory and intuition
behind the pricing of options. Thisdiscussion is essential to understanding the option
pricing models presented next and why the futures price standard deviation can be backed
out of them. The first modd discussed will apply to European options - options that can
only be exercised on their final day of existence. Next, the pricing of American style
options will be presented. These options can be exercised at any time until they expire
and are the primary focus of this paper.

Once the method for backing the standard deviation out of the American model is
presented, the paper outlines a method to weight and combine the standard deviations
derived from several options on the same contract. The predictive power of this weighted
standard deviation is then compared - through regression analysis - to the predictive
power of the historical standard deviation. The paper then presents the method for
producing a futures/options based forecast and presents evidence that the mean derived
from the futures price and option implied standard deviation is a superior predictor of the
futures price at contract expiration.



3 Option Pricing Theory

Options on natural gas futures contracts were first actively traded in the early
1990's. The most widely traded natural gas option isfound on the New York Mercantile
Exchange (NYMEX) and is based on Henry Hub natural gas futures contracts. Although
these options are fairly new, the market is quite robust. Natural gas futures options can
now be purchased on contracts expiring several yearsin the future. Most of the trading
action, however, is centered on contracts near expiration (one to six months until
expiration).

The gas futures options traded on the NYMEX are American style. Likeall
options, they give the owner the right but not the obligation to buy or sall a gas futures
contract at a specified price (strike price). An American (as opposed to a European)
"call" option gives the owner the right to purchase the underlying commodity for the
strike price at any time until the option's expiration date. Conversaly, a"put" option
allows the owner to sell a commodity at a specific price at any time until expiration. A
European option can only be exercised at expiration. If any of these options are not
exercised, they will expire worthless.

Aswill be explained in detail, the main factors affecting prices of options on
futures are the underlying price of the futures contract, the position of the strike price
relative to the futures price, therisk freerate of interest, the time to the option’s
expiration, and the volatility of the underlying commodity. Throughout this paper these
variables will be represented as follows:

r risk freerate of interest
S annualized volatility of the asset price

S underlying asset price

t time remaining until the expiration of the option (years)
E exercise price of the option

Therefore, the price of a call option is defined as:
C=C(SE¢tr,s)

In order to understand how options are priced we need to look at some basic
concepts underlying their value. First, for any given expiration, the lower the strike price
of the call, the higher the price of the option. Second, for options sharing the same asset
and exercise price, the call option with the longest time until expiration will have the
highest value. Third, for call options on the same asset with the same remaining life,
options with lower exercise prices will have higher values. To understand the
relationship between the five variables and the option priceit will be useful to break the
problem into special cases and view the variablesin partial isolation. The following
examples will be presented in terms of call options.



3.1  Option Pricesat Expiration

Toillustrate this notion, consider a call option asa function of just S, E, and t with
the following example:

C = C($2.00,$1.50,.25) = $.80

Here, the call option is on an asset currently selling for $2 with a strike price of
$1.50 and four months until expiration. The option isselling for $.80. But what happens
when the option is at or near expiration (t=0)? Only two relationships between the asset
price and the exercise price can exist either SSE or SEE. If the asset priceislessthan or
equal to the exercise price the call option has no value and the owner will let it expire
worthless.

when SEE, C(S,E,0) = $0

Alternatively, if the asset priceis greater than the exercise price, the value of the
option is the difference between the two values:

SSE, C(SE,0) =SE
Combining the two scenarios:
C(S,E,0) = max(0,S-E)
At expiration, the call option isworth the greater of O or S-E.
3.2  Option Priceswith Zero Strike and Infinite Expiration Horizon
In an effort to set further boundaries on possible option prices, consider an option
with an exercise price of zero and an infinite time horizon until expiration. The option
can be exchanged at any time until expiration for the price of the asset. In other words
the option can be exchanged at any time for the underlying asset itself. Because of this,
the option’s value is always equivalent to the value of the underlying asset.
C(S0¥)=S
Thus the upper bound of the options priceis the asset price itsalf, while as shown

earlier, the lower bound is zero. All other options on this asset will fall between these
two values.



3.3 Relative Prices of Optionsthat Vary by Strike Priceand Time

The next relationships to be discussed concern options on the same asset but with
different strike prices and expiration dates. First if:

Ei<E,, C(S,El,t) 3 C(S,Ez,t)

The two options vary only by the exercise price, the option with the lower exercise price
must have a value equal to or greater than the option with the higher exercise price. If
both options are in the money (S>E) the one with the lower strike price (Ep)allows a
trader theright to purchase the asset at the lower E; price. Thetrader can earn E; -E;
more.

Similarly, when:
t11>to, C(S,E,tl) 3 C(S,E,tz)

The two options are identical except for the time to expiration. The option with the
longer timeto expiration will be worth more or at least as much as the option with the
shorter life. This makes intuitive sense since the option with alonger time to expiration
gives the owner more advantages. An out of the money option may change sides as the
value of the asset changes with time.

An option with along remaining life selling for less than an option with a short
remaining life would lead to an arbitrage opportunity. A trader could sdll the short
maturity option and buy the long maturity option, realizing a positive cash flow. If the
sold option is exercised by the buyer, the trader can exercise the longer term option and
deliver on the sold option. The positive cash-flow will be preserved no matter how the
value of the underlying asset changes. We know that an option must be worth at least as
much as S-E, however, an in the money option with time |eft to expiration is often worth
morethan S-E. The difference between S-E and the cost of the option is known asits
intrinsic value, but only part of the intrinsic value is attributable to the time remaining
until expiration.

3.4  TheEffect of Interest Rates on Option Prices

To further define the price of an option we can look at the effect of interest rates
on option values. Toillustrate by example, we assume an asset currently sdllsfor $2 and
its price can change value by +$.10 over the course of one year. 50 units of this asset will
cost $100 now and may be worth $105 or $95 in the future. We aso assume that a call
option with a strike price of $2 can be purchased on the asset. The final assumption is
that the risk free rate of interest is 6%. Wewill set up two portfolios. Portfolio 1
contains 50 units of the asset and isworth $100. Portfolio 2 contains a one year $100
bond with a present value of $94.34 and a call option for 50 units of the asset with an
exercise priceof $100. In oneyear, portfolio 1 will be worth either $95 or $105.
Portfolio 2 contains a bond that will be worth $100. It also contains an option that will be



worth $5 if the asset price goes up or nothing if the price goes down. Again, portfolio 1
can lead to gains of $5 or losses of $5 while portfolio 2 can only lead to profits ranging
from 0to $5. Clearly, portfolio 2 isthe better choice. Since theinvestor can do just as
well or better with portfolio 2, it must be worth more or at least as much as portfolio 1.
Since portfolio 1 costs $100 and the bond in portfolio 2 costs $94.34, the value of the
option must be worth at least $5.66. The value of the option is greater than or equal to
the value of the underlying asset minus the present value of the exercise price.

C3 SPV(E)
Obvioudly, the higher the rate of interest, the higher the value of the option. So,
rn>rz, C(SEt,r) £ C(SEt,r)
3.5 TheEffect of Asset Volatility on Option Prices

Now we can address the final variable affecting the price of the option. Consider
the previous portfolio 2 where the option could be worth 0 to $5 at expiration. We now
add a third portfolio with an option on 50 units of an asset currently selling for $2.00 but
which may be worth $2.40 or $1.60 one year in the future. Like portfolio 2, portfolio 3
also contains a $100 one year bond. In one year portfolio 3 may be worth $15 more than
portfolio 2 with no additional risk. The fact that the asset underlying the option in
portfolio 3 exhibits more risk actually adds to the value of its option (holding all else
constant). Portfolio 3 must be worth more than portfolio 2 because of the higher range of
possible profits.

S1>S,, C(SEtr,s1) 3 C(SEtr,Ss))

At first glance, portfolio 2 displays an apparent problem. Y ou pay $5.66 for an
option that will be worth somewhere between 0 and $5 in oneyear. Thisseemsto bea
poor investment. However, you will note that holding portfolio 2 ensures that the value
of the portfolio will not be worth less than $100 at option expiration. In a sense, you are
insuring against the -$5 possibility of portfolio 1. Thus, the higher therisk of the
underlying asset, the higher the price of the insurance. Thisis denoted as,

C(SEtr,s)=SPV(E) +1

Up to this point we have been able to put boundaries on possible option prices,
but we have not been able to pin down the actual prices. We know that call option values
increase for higher levels of interest, longer lengths of time, higher asset prices, higher
strike prices, and higher asset price volatility. However, for any particular mix of these
five variables, we have not shown any way to find an exact option price.



4 Black-Scholes Option pricing M odel

Thefirst model to directly cal culate options prices was devel oped by Fischer
Black and Myron Scholesin their seminal work, “The Pricing of Options and Corporate
Liabilities.” Their mode (B-S) values European options on non-dividend paying stocks.
Unlike American options, European options can only be exercised at option expiration.
Although we are ultimately looking for values (standard deviations) associated with
American futures options, it is essential that we analyze the construction of the B-S
model before we can analyze the special case of American options.

One of the central assumptions of the B-S moddl is that the price movements of
the underlying asset follow a stochastic ‘wiener’ process where asset prices change
continuously through time and changes made over any given time period are distributed
normally. B-S also makes the following smplifying assumptions: (1) there are no taxes
or transaction costs; (2) the underlying asset exhibits no dividends or other leakage and
its returns are lognormally distributed with constant variance; (3) markets operate
continuously; (4) interest rates are constant and risk free. Black and Scholes derived their
valuation model by forming a riskless hedged portfolio consisting of along position in
the underlying asset and a short position in the asset’s call option. The payoff to the
hedged portfolio isthe riskless rate of interest (in equilibrium) and represents a non-
stochastic partial differential equation for the value of the asset call option. The partial
differential is expressed as.

(1) dC%dt = rC®- .5(s* S d*CYdS?)
e _

= European call option value
and can be solved subject to the following boundary conditions:

) C(SE,t) = MAX [0,S-E] where t=0
(3) CY(SE) =0 where S=0

Formally the Black-Scholes model for a call option is as follows:
C®(SEr,t,s) = SN(dy) - E€"N(dy)

where dh = [IN(SIE)+(r+.5s)t]/s G
dz = d1 - Sd

N(d;) and N(d,) = cumulative normal probabilistic values of d; and d,. The use of the
normal probability function gives the B-S moddl its ability to incorporate the price risk of
the asset into the option price.



Using the values from the previous intuitive example where:
S=%2.00 E =$2.00
t=1year r = 6%
s =5%

The price of the option can be calculated using the B-S model:
di = [In(2/2) + (.06+.5(.05)2)1]/.05
=1.225

d>=1.225- .05
=1.175

di and d, are smple z scores that can be looked up in atable:
N(1.225) = .8897
N(1.175) = .88

Therefore  C=2(.8897) - 26'®(.88) = $.122
Thisvalue, when multiplied by 50 becomes $6.10. Thisis quite close to the $5.66 value
derived from our portfolios 1 and 2.

Note that the term Ee™ is the present value of the exercise price with continuous
discounting. The B-S mode essentially becomes:

C = SN(dy) - PV(E)N(d2)

Taking this one step further, if the stock had no risk, N(d1) and N(d2) would both equal
one. The B-S equation then, would further be smplifiedto C = S- PV(E) , the exact
equation we found through intuition (section 3.1.4).

5 Pricing Optionson Futures - Black M odel

Like asset options, options on futures contracts give the owner theright to
exercise the option and give the sdller the obligation to perform on the contract. As noted
earlier, the B-S model was devel oped to price European options on non-dividend stocks.
American options on assets without dividends have the same price as the equivalent
European option but options on futures contracts do not fall into this category. Because
these contracts are settled on a daily basis, the cash flows associated with settlement act
as acontinuous dividend. Thus, futures contracts viol ate one of the B-S assumptions.



In order to help solve the problem, Black (1976) adjusted the B-S modd to value
call options on futures contracts:

C(F.Et,r,s) = €"[FN(dy*)-EN(d2*)]

where t = time to expiration of the forward contract
r = risk freerate of interest
F = current futures price for contract expiring at t
E = strike price
s = annualized standard deviation of the futures contract price

di* = [In(F/E)+.55%]/s @
dz* = dl* - Sd

Notice that in the Black model ther term drops out of the calculation of d;. Also, the
entire pricing equation is discounted by €". Therefore under the certainty assumption,
the option is worth the present value of the proceeds:

C=€e"[F-E]

Early exercise is possible and often desirable when dealing with American
options on futures contracts. American options can be viewed as a continuous series of
European options.  When the option is exercised you receive the explicit value from that
option (F-E), but give up the right to any future gains above F-E. Consider the case of a
call option with a strike price of $1.50 on a futures contract currently selling for $2. Here
the trader could exercise the option and collect $.50. This $.50 can then earn interest
through the original option expiration date. Theinterest accrued is equal to €'(F-E)-(F-
E). These calculations only hold when the futures price does not change over the
remaining life of the contract - an unlikely scenario. Instead thereis a chance that the
futures price may move up and the trader will lose additional profits. This tradeoff
between exercising early and foregoing potential additional gainsiswhat makes
American options difficult to modd.

Values of N(d1*) and N(d2*) approach one when the futures price becomes very
large relative to the exercise price{ C = €"[Fo-E]}. Asshown above, the minimum
value for a European futures option is €"[F-E]. This happens when it is amost certain
that the option will remain in the money and pay F-E at expiration. Basically, at high
futures prices the European option value converges to the present value of the exercisable
proceeds. It will not exceed this value because the proceeds are not available until the
expiration date.



6 Model for Pricing American Optionson NYMEX Natural Gas Futures

Unlike the Black Scholes model for European options, no closed form, analytic
model exists for pricing American options. The early exercise potential of American
options generally places the value of these options above that of their European
counterparts. It isthe peculiar nature of this early exercise ‘premium’ that makes the
American option difficult to modd.

Because American options can be exercised early, they are always worth at |east
as much as a comparable European option. Each American option has a critical value
(F*)or maximum futures price which is defined as the minimum futures value where the
option’s price equals F-E. When the futures price equals this critical value, the call
owner isindifferent between holding and exercising the option. If the futures priceis
greater than F*, the trader should exercise the option immediately and earn the interest on
the proceeds. If the futures priceislessthan F* the trader should hold or sl the option.
F* represents the point at which the costs and the benefits of holding the option are equal.
When the futures price is below F* the B-S model cannot accurately value the American
option. Itspriceisequal to the European option value plus an early exercise premium.

The value of American call options, however, can be approximated by solving:

4 C""(F,E,r,s,t*) = MAX[Ca(F,E,t*), F-E]
C? = value of an American call option

where C(F,E,t*) is the value of an unexercised option at time t*, an instant of time after
t. Thisrepresents the boundary condition for the early exercise premium of the American
call option. For each timet<t* thereisacritical futures price, F* above which early
exercise of the option is optimal.

Barone-Ades and Whaley Model (BA-W)
The Barone-Ades and Whaley (1987) model is one of the most widely used of

several analytical approximations for American option values. Building on the standard
Black model for European futures options where:

(5) C°=€" [FN(d)-EN(d-s Q)]
and where d = [In(F/E) + .5s%]/sCx
Barone-Ades and Whaley add constraint (4) and express the American option value as:

(6) Ca(F,E,'[,I’,S) = Ce + AZ(F/F*)qz Wha-e F<F*, and
(7 CYFEtrs)=FE where F3 F*,

C?*= American call value
C® = European call value



andwhere A, = (F*/gp){1-€"N[do(F*)]}
do(F*) = {In(F*/E)+(s¥2)t}/ sy
02 = (1+Q(1+4K))/2
K = 2r/[ s?(1-e™)]
N(-) = isthe cumulative univariate normal distribution

and F* equals the critical gas futures price above which the natural gas futures call option
should be exercised immediately. Equation (6) explainsthat if the gas futures price falls
below F*, then the American call value equals the corresponding European call value
plus an early exercise premium of Ax(F/F*)%, For futures equal to or above F* , C?
should be exercised at its F-E value.

F* is determined iteratively by solving:
(8) 0=F*-E- CY(F* Etr,s) - {1-€" N[d(F*)]} F*/c

The value of F* can then be inserted into equation 6 to solve for the value of the
American call option.

The value of American put optionsis derived in very much the sameway. The B-AW
equations for put options are:

(9) Pa(F,E,t,r,S) = Pe + Al (F/F*)Ch Wha‘e P~F* and
(10) PFEtrs) = E-F where FEF*,
where A1 = (F*/g1){1-e" N[-dx(F*)]}

g = (1- Q1+4K))/2
here, P°, the Black and Scholes European value of the put option is expressed as:
(11) P°= €' EN(-d + s OT)-e" FN(-d)

The F* of the put option is the critical futures price below which the American natural
gas futures option should be exercised immediately. Likethe call option, it is calculated
iteratively by solving:

(12) 0=E-F* - P(F* Etr,s) +{1-€" N[-dx(F*)]} F*/au

We are not really interested in solving for the prices of options. In fact, we
already know their values through observations of trades on the commodities exchanges.
We are interested in the values of the standard deviations used to price the options. Since
the standard deviation is an integral part of the pricing of options, it makes sense that this
value can be backed out of the model. We have five observed values (C* F,E,T,r), two
equations, and two unknowns (s,F*). To solvefor the standard deviation of a call option,
simultaneoudly solve equations 6 and 8 setting equation 6 equal to the observed option
value.

10



7 Weighted Implied Standard Deviation of Futures Contracts

The standard deviation derived from the option pricing formulais often referred
to astheimplied standard deviation (ISD). It isnot uncommon for various options on a
particular gas contract to produce different implied standard deviation values on any
given day. While troubling, this does not necessarily mean that the option model is
incorrect. Multiple values of the standard deviation for the same futures contract may
exist because of the way option prices are reported. Most option prices are reported at
the close of the business day and are associated with the closing price of the futures
contract. The option may have actually been sold while the futures price was at a higher
or lower value at some other point in the day. Additional reasons may include over or
under valued option prices (inefficient market) or a mispecified model.

If the assumptions of the Black moddl (and B-AW for that matter) hold true and
al information enters options markets efficiently, all options on an asset will be priced
from the same standard deviation. Asnoted thisis often not the case. Some options
appear to rely more heavily on precise measures of the standard deviation than others
(even in highly efficient markets). For example, acall option with very little time to
expiration, where the strike price iswell below the futures price is not very sensitive to
changes in the underlying standard deviations (Latane and Rendleman,1976). Because of
this, it is not unreasonable to arrive at the conclusion that options displaying high
sengitivity to changes in the standard deviation will be better estimators of the actual
valueof s. An option trader will devote more time to estimating the standard deviation if
the option priceis highly sensitiveto it's value.

Simply averaging the standard deviations derived from a set of option prices may
hide the market’ s actual assessment of the true standard deviation. Options displaying
high sengtivity to changes in the standard deviation should be given more weight than
options displaying low sensitivity. Chiras and Manaster devel oped a method of
combining these various | SD’ s into a single weighted average implied standard deviation
(WISD). They notethat rational investors measure returns asthe ratio of dollar price
change to the size of the overall investment. To be consistent with thisrationale, the
price elasticity of each option with respect to itsimplied volatility is considered when
constructing the WISD from a set of option ISDs. The elasticity is a measure of the
percent change in the option value with respect to the percent change in the ISD. From
these individual easticitiesand ISD’s, Chiras and Manaster construct a constant weighted
ISD for the future value of the assets.

The key to calculating the WISD is finding the correct value of VEGA (V). Vega
isacommon option pricing term describing the change in option value for a small unit
changein volatility (s).

(13) V; = dWi/ds; » F ((t) { (U2p)) e (@212

11



where W isthe price of the option, t isthe time to expiration and F is the current futures
price. The WISD is determined by:

N N
(14) WISD = S si{[Vi(s W)L S Vi(s/W)l}

where
N = the number of options recorded for a particular asset on a particular date,
s; = theimplied standard deviation for option j of the asset.

8 The Mean and the Variance of the Distribution of Natural Gas Futures

The mean of thedistribution

The BA-W modd is based on the assumptions that the gas futures market is
informationally efficient and that futures prices follow a random walk. The expected
value of afutures contract T periods from now isits current value (Samuelson - 1965).
Following Overdahl and Matthews (1987) this implies that the mean of the lognormal
distribution of the futures price tomorrow is estimated by the current futures price. The
mean of the distribution of logarithmic futures prices can be expressed as :

(15) E[In(F)] = IN[E(F)] - VAR/2

Here, all expectations are made for timet+T at timet (where T isthe expiration
date and t isthe observation date). F represents the futures price at time't of a contract
ending at t+T and VAR isthe variance of the distribution of logarithmic futures prices.
Note that the mean of the distribution of lognormal futures pricesis not the same as the
logarithm of the mean of the distribution of futures prices. Additionally, Overdahl and
Matthews assert that any risk premium embedded in the futures priceisminimal. Itis
assumed that this assertion holds for the Gas futures market as well.

Thevariance of the distribution

Again following Overdahl and Matthews, the assumption that futures prices are
distributed lognormally is equivalent to assuming that logarithmic futures prices are
distributed normally. Given this assumption, the standard deviation of logarithmic
futures prices can be approximated by the B-AW model. The following equations relate
the price relatives of the B-AW modd to equation 15:

(16) |n(Ft+T/Ft ) =ml + SOI'Z

where (Frer/Fy)-future price relative over instant t to t+T
m- mean of logarithmic futures price per unit of time
S - the standard deviation of the futures price relative per unit of time
Z - standard normal random variable with a mean of zero and s of one
Equation 16 can be re-written in the form of equation 15:

12



(17) IN(Fe7) = [IN(F) + nT] + sOrz

thus the standard deviation of the distribution of logarithmic futures prices at timet+T is
sOT. Notethat this equation has the effect of converting the futures price and the
annualized standard deviation observed at timet to aforecast for timet+T.

By definition, efficient markets reflect all available information, the variances
calculated from option prices should reflect the information content of historical futures
prices and all other information available at the time. The equations above show how to
derive the market’ s assessment of the mean and variance of the distribution from which
futures prices are drawn. Given these values and assuming a lognormal form for the
distribution of futures prices, the mean and variance of the distribution from which
futures prices will be drawn can be approximated. Future logarithmic futures prices will
be distributed normally with a mean In(F)-s*T/2 and a standard deviation of sCT.

9 Calculating the Mean and Variance of the Distribution

As previously noted, the forecast of natural gas futures pricesis based on five
variables. Four of the variables are directly observable through the market while one
variable (the standard deviation) is calculated through the use of equations6 and 9. To
demonstrate the forecast method, NYMEX price data for the October futures and options
contracts - closing August 29, 1997 - were collected. The 90 day bond yield reported on
this date was used to reflect the short-term risklessrate of return.* For reliability reasons,
prices for any option with a volume less than five were deleted. Table 1 liststhe
remaining data (for informational purposes, the volumes areincluded in the table as
well).

On August 29 the closing futures price for Henry Hub natural gas was $2.714 per
MMBtu. 17 callsand eight puts were actively traded with prices ranging from $.72 to
$.012 per contract. Strike pricesranged from $2.00 to $3.20 for calls and $2.70 to $2.05
for puts. The 13 week bond equivalent yield was 5.24%. Since the options expired on
September 25, 1997, .0742 years remained until option expiration. Theseinputs are used
to produce the individual standard deviations for each option. The Vegafor each option
isthen calculated by reinserting the five variables into equation 13. The standard
deviations and the Vegas' arelisted in Table 1.

Continuing with the modd, the Vega and standard deviation values are combined
to form the ‘weighted’ standard deviation. Calculations of portions of equation 13 are
listed in Table 2:

25 25
WISD = Jsl si{[Vi(si/Wpl/l J,Slej(Sj/Wj)]}

! Daily data for natural gas futures contracts and options on gas futures contracts were obtained from the
New York Mercantile Exchange. Short term interest rates (90 day bond equivalent yields) were obtained
on-line from the Federal Reserve H.15 database. August 29, 1997 was chosen because of the large number
of contracts traded on that day.
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Table1l: Implied Standard Deviationsand Vega's

NYMEX closing data from August 29, 1997

Contract price being forecasted: Oct. 97 Natural Gas
Futures contract value: $2.714

Option expiration date: Sept. 25, 1997

Time to expiration: .0742years

Short term interest rate (bond yield): .0524

Weighted Implied Standard Deviation: .592 (.161 over t+T)

Put/Call | Volume | Strike Option | Implied | Vega
Price Value Std.
Dev.
C 11 $2.00 0.723[ 0.300( 0.000
C 10 $2.20| 0.531| 0.597( 0.107
C 5 $2.25| 0.486| 0.586| 0.130
C 6 $2.35| 0.401f 0.574| 0.180
C 7 $2.40| 0.362[ 0.573| 0.205
C 5 $2.50| 0.287( 0.559| 0.250
C 42 $2.60| 0.226] 0.567 0.281
C 8 $2.65 0.199( 0.569| 0.284
C 306 $2.70| 0.174| 0.569( 0.292
C 191 $2.75| 0.148[ 0.558| 0.295
C 2438 $2.80 0.129| 0.563| 0.292
C 131 $2.85| 0.111f 0.565| 0.283
C 158 $2.90| 0.096| 0.570( 0.269
C 197 $3.00| 0.073| 0.585| 0.253
C 40 $3.05| 0.064| 0.595 0.231
C 27 $3.10| 0.055[ 0.598| 0.233
C 2027 $3.20] 0.039( 0.599| 0.183
P 5 $2.05| 0.012f 0.678| 0.085
P 35 $2.20| 0.019( 0.604| 0.108
P 302 $2.30] 0.029( 0.574| 0.155
P 201 $2.35| 0.038| 0.574| 0.180
P 12 $2.40| 0.049( 0.574| 0.205
P 27 $2.50 0.074f 0.561| 0.250
P 145 $2.65| 0.135| 0.568| 0.284
P 485 $2.70 0.16f 0.569| 0.292
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Table2: Weighted Implied Standard Deviations

Put/| | | Strike S; Vi(si/Wj)) | SV(s/W) Sj- Annualized
Call Price [Vi(siwy)/ WISD
SV(s/W)]
C| 1] 200 | 0300 | 0.000 39.331 0.000 0.592
C| 2| 220 | 0597 | 0.121 39.331 0.002 0.592
C| 3| 225 | 0586 | 0.157 39.331 0.002 0.592
C| 4|23 | 0574 | 0.257 39.331 0.004 0.592
C| 5| 240 | 0573 | 0.324 39.331 0.005 0.592
C| 6| 250 | 0559 | 0.487 39.331 0.007 0.592
C| 7| 260 | 0567 | 0.705 39.331 0.010 0.592
C| 8| 265 | 0569 | 0811 39.331 0.012 0.592
C| 9| 270 | 0569 | 0.956 39.331 0.014 0.592
C|10| 275 | 0558 | 1.112 39.331 0.016 0.592
C|11| 280 | 0563 | 1.274 39.331 0.018 0.592
C|12| 2.85 | 0.565 | 1.440 39.331 0.021 0.592
C | 13| 290 | 0570 | 1.600 39.331 0.023 0.592
C |14 | 3.00 | 0.585 | 2.025 39.331 0.030 0.592
C | 15| 3.05 | 0.595 | 2.147 39.331 0.032 0.592
C |16 | 3.10 | 0.598 | 2.532 39.331 0.039 0.592
C |17 | 3.20 | 0.599 | 2.806 39.331 0.043 0.592
P |18 | 2.05 | 0.678 | 4.823 39.331 0.083 0.592
P |19 ] 220 | 0.604 | 3.437 39.331 0.053 0.592
P {20 | 2.30 | 0.574 | 3.069 39.331 0.045 0.592
P |21]| 235 | 0574 | 2.718 39.331 0.040 0.592
P 22| 240 | 0574 | 2.400 39.331 0.035 0.592
P (23| 250 | 0561 | 1.894 39.331 0.027 0.592
P |24] 265 | 0568 | 1.195 39.331 0.017 0.592
P |[25] 270 | 0.569 | 1.039 39.331 0.015 0.592

The standard deviation of future logarithmic October futures prices implied by the
optionsis:

(WISD) - OT = .592 (.0742) = .161
with a mean of:
In(F)-s2T/2 = In(2.714) - .026/2 = .985
10 Testing the WI1SD
If the option market istruly efficient the prices will reflect all available
information. Additionally, the variances derived from the pricing model should reflect all

information contained in the history of the futures price as well as any additional
information that may have been available at the time of thetrade. Thusthe WISD values
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obtained from options prices may reflect future values of the standard deviation better
than historical observations alone.

The following test is designed to determine some of the predictive characteristics
of the information contained in the natural gas futures options prices. Thetest follows
the methodol ogy used by Chiras and Manaster to determine the predictive ability of stock
option prices. The hypothesis behind the test is that standard deviations inferred by
options prices have been better predictors of future standard deviations than standard
deviations obtained from historic futures prices.

The test involves the creation of three monthly series of annualized volatility
measures covering natural gas data from1993-1996. Like the previous WISD example,
all of the options and futures data used in this test were obtained directly from the
NYMEX. Theyield data was obtained from the Federal Reserve. At the beginning of
each month (or as close to the beginning as possible), a historical (SDHIST), weighted
option implied standard deviation (WISD), and a future (SDFUT) standard deviation are
Created.

With the beginning of the month designated day t, the annualized historical
standard deviation is measured with futures price movements from t-14 up to and
including t (15 observations). To annualize the data, the log of each daily price changeis
calculated (In[t-14/t-13]). This new seriesisthen averaged and differenced from the
mean. The sum of these differencesisthen divided by the number of e ements (in this
case fourteen) and multiplied by the number of trading daysin ayear. The square root of
thisfinal number isthe annualized standard deviation. The future standard deviation is
calculated in a smilar fashion except the price movements are measured from time t+1
until the expiration of the futures contract. This may be anywhere from 12 to 17
observations.

Finally, the WISD is calculated from closing options prices and the closing
futures priceon day t. Like the previous WISD example, any option with a volume less
than fiveis discarded. Because of the low volume, the prices of these options may not be
good indicators of market conditions. In addition, any option, put or call, with a strike
price more than 25% away from the observed futures price is removed.

Forty nine observations for each eement (SDFUT, SDHIST, and WISD) were
calculated using the data set. The 49™ observation was calculated since the set actually
begins with November 1992 options data on the December 1992 futures contract.

Using regression analysis, the SDHIST's and WISD's are then compared to the

SDFUT's to determine which predictor is superior over the time period. The following
two regression equations are used to test the hypothesis:
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(18) SDFUT = a, + BySDHIST + &,

(29) SDFUT = a, + BoWISD + &,

a and By are the coefficients on the constants and independent variables respectively
e represents the error of each regression. Table 3 displays the regression output from
equation 18 and table 4 displays the output from equation 19.

Both regressions indicate that the SDHIST's and WISD's may be significant.
Their high t-ratios indicate that we can rgect the null hypothesis that the B coefficient is
zero for each regression. The most useful information that can be obtained from the
regressionsisthe adjusted R-squared values. The R-squared value for equation 18 is
507, indicating that historic standard deviations (and the constant) explain 51% of the
future standard deviations of futures price movements. On the other hand, the R-squared
for equation 19 is.60. Thisimpliesthat the option implied standard deviation can
explain 60% of the future standard deviations. Also note that the constant in the
regression of equation 19 is not significant. Thisindicates that the R-squared does not
significantly improve with the inclusion of a constant.

The differences between the two equations are not dramatic. However, based on
the evidence provided by the two R-squared values, the WISD based equation represents
roughly a 20% improvement in predictive power over the SDHIST's. Based on this
evidence we can conclude that the WISD based predictions are better indicators of future
standard deviations of futures price movements.

Table3: SDHIST Regression
SDFUT = a, + BhSDHl ST + €h

Ordi nary | east squares regression. Dep. Variable = SDFUT
Qbservati ons = 49 Wi ghts = ONE
Mean of LHS = 0.4160176E+00 Std. Dev of LHS = 0. 1958048E+00
St dDev of residual s= 0.1374370E+00 Sum of squares = 0.8877802E+00
R- squar ed = 0.5175886E+00 Adj usted R-squared= 0.5073246E+00
F[ 1, 47] = 0.5042723E+02 Prob val ue 0. 5108854E- 08
Log- | i kel i hood = 0.2873787E+02 Restr.(4=0) Log-l = 0.1087840E+02
Anemiya Pr. Criter.= 0.1965992E-01 Akai ke Info.Crit. = -0.1091342E+01
ANOVA Source Vari ation Degrees of Freedom Mean Square
Regr essi on 0. 9525169E+00 1. 0. 9525169E+00
Resi dual 0. 8877802E+00 47. 0. 1888894E- 01
Tot al 0. 1840297E+01 48. 0. 3833952E- 01
Dur bi n-Wat son stat. = 1.9803598 Aut ocorrel ation = 0.0098201
Variable Coefficient Std. Error t-ratio Prob|t]ox Mean of X Std.Dev.of X
Constant 0.13159 0. 4461E- 01 2.950 0.00494
SDHI ST 0. 74812 0.1054 7.101 0.00000 O0.38019 0.18830
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Table4: WISD Regression
SDFUT = a, + B)\W SD + ¢,

Ordi nary | east squares regression. Dep. Variable = SDFUT
Observati ons = 49 Wi ghts = ONE
Mean of LHS = 0.4160176E+00 Std. Dev of LHS = 0. 1958048E+00
St dDev of residual s= 0.1237619E+00 Sum of squares = 0. 7198996E+00
R- squar ed = 0.6088134E+00 Adj usted R-squared= 0.6004903E+00
F[ 1, 47] = 0.7314726E+02 Prob val ue 0. 0000000E+00
Log- | i kel i hood = 0.3387338E+02 Restr.(4=0) Log-l = 0.1087840E+02
Anemiya Pr. Criter.= 0.1594220E-01 Akai ke Info.Crit. = -0.1300954E+01
ANOVA Source Vari ation Degrees of Freedom Mean Square
Regr essi on 0. 1120398E+01 1. 0. 1120398E+01
Resi dual 0. 7198996 E+00 47. 0. 1531701E- 01
Tot al 0. 1840297E+01 48. 0. 3833952E- 01
Dur bi n- WAt son stat. = 1.7426882 Aut ocorrel ation = 0.1286559

Variable Coefficient Std. Error t-ratio Prob|t]ox Mean of X Std.Dev.of X

Constant -0.10053E-01 0. 5286E-01 -0.190 0.84999
W SD 0. 98100 0. 1147 8.553 0.00000 O0.43432 0. 15574

11 Constructing the Options Based Forecast

Arbitrarily constructing a price interval around the observed futures price (say
+25%), one can calculate the probability that the futures price will fall within the
constructed range at option expiration. Following the example from section 9, the
+25% interval around the October futures price becomes $2.036 to $3.39 MMBtu. The
probability is expressed as:

(20) Prob (2.036 < F < 3.39)

Since the mean and standard deviation produced by the model are expressed aslogs
equation (20) should be expressed as.

(22) Prob (In(2.036) < In(futures) < In(3.39) )
Expressing (21) in standardized normal form:
Prob [(.71-.985)/.16 £ (In(futures)-.985)/.16 £ (1.22-.985)/.16]
Prob(-1.70£r z £ 1.47)
Checking a normal distribution table, the cumulative probability that the final futures
price will be less than $2.036 is .044 while the probability gas prices will be below $3.39

i5.929, thus the probability that October spot gas prices will fall between $2.036 and
$3.39 is 88%.
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12 Predictive Ability of the Options Based Forecast

Although the options based forecast model is most useful when the forecasted
mean is combined with the qualitative information of the implied standard deviation, it is
also useful to know how accurate the model is at predicting the exact level of afutures
price at the expiration of the contract. To test the modd’ s predictive ability, a series of
monthly forecasts of the mean were constructed using the WISD methodology and
equation 15 (e raised to the calculated mean of 17). The monthly forecasts were then
compared to the actual values of the gas prices on the dates being forecast. The predicted
and actual prices for each forecast date are listed in Appendix Table 1a. Each forecast
was derived from mid-month options prices. Again, all options with less than five trades
on the forecast date were discarded and any option with a strike price of more than £25%
of the underlying futures price was also removed from the test. For comparison purposes,
predictions based on a 15-day and 30-day moving averages of the futures price were also
calculated.? The sum of squared errors, mean square error, and root mean square error
for each of the three forecasting methods are listed in Table 5.

Options estimate

sse 3.2838229
mse 0.0781863
rmse 0.2796181
15-day avg. estimate 30-day avg. estimate
sse 4.5575136 sse 5.9057323
mse 0.1085122 mse 0.1406127
rmse 0.3294119 rmse 0.3749836

Table 6: Forecast Extremes

Option 15-day 30-day

Error error error
Max. underestimate: $1.088 $1.272 $1.386
Max. overestimate: ($0.549) ($0.432)  ($0.508)

Standard Deviation: $0.28058  $0.3291 $0.37308

2 The options and futures data used in this test were obtained from the NYMEX.
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Over 42 observations, the standard deviation of the error produced by the options
estimates was .28 with a maximum underestimate of $1.088 and a maximum
overestimate of $.55. This compares to a standard error of .33 for the 15-day average and
.37 for the 30-day average. The evidence indicates that the options based forecast is
superior to elither of the moving average based prediction methods.

13 Conclusions

This paper demonstrated that information about the future distribution of natural
gas prices can be obtained from the prices of options on gas futures contracts. The theory
behind option pricing was outlined. A modd for valuing American options on futures
contracts was presented and linked to the theory. Finally a method for using the pricing
model to derive and weight the implied standard deviations contained in option prices
was discussed. Since the modd depends on futures and options prices, it theoretically
contains all the information utilized by the open market in pricing the futures and options
prices themsalves. If these markets are in fact informationally efficient, the mean and
standard deviation produced by this modd should be an assessment of the market’s
‘consensus’ opinion of their future values.

Regressions run on the weighted implied standard deviations indicated that they
may be better estimators of the future standard deviations than ordinary standard
deviations based on historical information. Additionally, the ability of the futures/options
derived mean to predict the expiration price of the futures contract was explored. The
futures/options based forecast compared favorably to the 15-day and 30-day rolling
average estimates.

Market analysts can use the methods outlined here to benefit from expert opinion
and expensive information often associated with market professionals and complex
models without actually hiring consultants or paying for expensive market forecasts.
With thisin mind, analysts can use this moddl to develop new forecasts based entirely on
NYMEX data and model output. They could also assess the probability of prices
developed using old forecasting methods or independently verify and critique externa
forecasts (such as those purchased from financial service consultants).

The method of deriving market based forecasts outlined in this paper is easy to
implement and quite flexible. Many computer programs exist (often as add-insto
popular spreadsheet software titles) that will solve for the implied standard deviation of
an option given the current option price, futures price, risk-free interest rate and time until
expiration. The user will not have to bother with the onerous task of coding the solution
to the B-AW mode. In addition, several financial services companies now supply real-
time trading data via computer. Generally, this data can be linked directly to a
spreadsheet allowing the user to track changes in market prices and conditions. Thisreal-
time data coupled with a spreadsheet option valuation model could allow any user to
monitor instantaneous changes in the probabilities surrounding several months of futures
forecasts.
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The NYMEX currently lists options on contracts with maturities of up to three
years, however, the practical range of the model islimited by the low volume of trades
that actually take place on the long-range options. An observation of volumes indicates
that the practical limit on forecasts is about four months. The market for natural gas
futures contracts has, however, been growing quickly over the past few years. Thisrapid
growth may carry-over into the market for options on these contracts. Asthe market for

longer term options increases, the reliability of long range option based forecasts will also
improve.
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Appendix

Table la: Forecast Data

Forecast [Target Date| Options 15-day 30-day Actual futures
Date estimate futures futures price
estimate estimate
3/15/93 3/24/93 $1.96 $1.86 $1.79 $2.22
4/15/93 4/23/93 $2.35 $2.15 $2.06 $2.76
5/14/93 5/21/93 $2.26 $2.26 $2.31 $2.12
6/15/93 6/23/93 $2.15 $2.13 $2.17 $1.92
7/15/93 7/23/93 $2.03 $2.13 $2.13 $2.12
9/15/93 9/23/93 $2.12 $2.31 $2.31 $2.27
10/15/93 | 10/22/93 $2.17 $2.21 $2.21 $2.16
12/15/93 | 12/22/93 $2.01 $2.10 $2.23 $2.02
1/14/94 1/24/94 $2.27 $2.10 $2.07 $2.47
3/15/94 3/24/94 $2.10 $2.17 $2.28 $1.98
4/15/94 4/22/94 $2.19 $2.10 $2.10 $2.08
6/15/94 6/23/94 $2.17 $2.00 $1.98 $1.97
7/15/94 7122194 $1.95 $2.09 $2.08 $1.79
8/15/94 8/24/94 $1.75 $1.78 $1.88 $1.48
9/15/94 9/23/94 $1.62 $1.63 $1.66 $1.41
10/14/94 | 10/24/94 $1.63 $1.67 $1.63 $1.68
11/15/94 | 11/21/94 $1.73 $1.85 $1.75 $1.66
12/15/94 | 12/22/94 $1.71 $1.77 $1.76 $1.64
1/16/95 1/23/95 $1.38 $1.54 $1.63 $1.39
2/15/95 2/21/95 $1.38 $1.42 $1.42 $1.43
3/15/95 3/24/95 $1.50 $1.46 $1.45 $1.57
4/17/95 4/21/95 $1.65 $1.65 $1.58 $1.67
5/15/95 5/23/95 $1.73 $1.67 $1.66 $1.76
6/15/95 6/23/95 $1.67 $1.71 $1.71 $1.53
7/14/95 7/24/95 $1.51 $1.53 $1.60 $1.39
8/15/95 8/24/95 $1.55 $1.50 $1.49 $1.58
9/15/95 9/22/95 $1.66 $1.68 $1.61 $1.64
10/16/95 | 10/24/95 $1.71 $1.78 $1.72 $1.77
11/15/95 | 11/21/95 $1.92 $1.86 $1.81 $2.24
12/15/95 | 12/21/95 $2.36 $2.18 $2.06 $3.45
1/15/96 1/25/96 $1.99 $2.70 $2.52 $2.34
2/15/96 2/23/96 $2.55 $2.47 $2.46 $2.75
3/15/96 3/25/96 $2.32 $2.22 $2.36 $2.78
4/15/96 4/24/96 $2.33 $2.36 $2.35 $2.21
5/15/96 5/24/96 $2.29 $2.22 $2.28 $2.36
6/14/96 6/24/96 $2.51 $2.41 $2.33 $2.65
7/15/96 7/25/96 $2.76 $2.75 $2.61 $2.32
8/15/96 8/26/96 $2.03 $2.13 $2.36 $1.85
9/16/96 9/24/96 $1.97 $1.85 $1.96 $1.83
10/15/96 | 10/25/96 $2.45 $2.30 $2.09 $2.65
11/15/96 | 11/25/96 $2.90 $2.72 $2.59 $3.49
12/20/96 | 12/24/96 $4.55 $3.77 $3.45 $4.00
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NYMEX Division Specifications®
Henry Hub Natural Gas Futures and Options Contract Specifications

Trading Unit
Futures: 10,000 million British thermal units (MMBtu).
Options: One NYMEX Division natural gas futures contract.

Trading Hours

Futures and Options: 10:00 A.M. - 3:10 P.M., for the open outcry session. After-hours
trading is conducted viathe NYMEX ACCESS® dectronic trading system from 4 P.M.
to 7 P.M., Monday through Thursday. All times are New Y ork time.

Trading Months

Futures: 36 consecutive months commencing with the next calendar month (for example,
on October 3, 1997, trading occursin all months from November 1997 through October
2000). Options: 12 consecutive months, plus 15, 18, 21, 24, 27, 30, 33, and 36 months on
a June-December cycle.

Price Quotation
Futures and Options. Dollars and cents per MMBtu, for example, $2.035 per MMBtu.

Minimum Price Fluctuation
Futures and Options: $0.001 (0.1 ¢) per MMBtu ($10 per contract).

Maximum Daily Price Fluctuation

Futures: $1.50 per MMBtu ($15,000 per contract) for the first two months. Initial back
month limits of $0.15 per MMBtu rise to $0.30 per MMBtu if the previous day's
settlement pricein any back month is at the $0.15 limit. In the event of a $0.75 per
MMBtu movein ether if the first two contract months, back month limits are expanded
to $0.75 per MMBtu in al months from the limit in place in the direction of the move.
Options: No price limits.

Last Trading Day

Futures. Trading terminates three business days prior to the first calendar day of the
delivery month. Options: Trading terminates at the close of business on the business day
immediately preceding the expiration of the underlying futures contract.

Exercise of Options

By a clearing member to the Exchange clearinghouse not later than 5:30 P.M. or 45
minutes after the underlying futures settlement price is posted, whichever islater, on any
day up to and including the options expiration.

% These specifications were obtained from the NYMEX at http://www.nymex.com/contract/natgas.html
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Option Strike Prices

Increments of $0.05 (five cents) per MMBtu with 20 strike prices above and below the at-
the-money strike prices, and the next ten strike prices are in increments of $0.25 (25
cents) per MMBtu above the highest and below the lowest existing strike prices for a
total of 61 strike prices. The at-the-money strike priceisthe nearest to the previous day's
close of the underlying futures contract. Strike price boundaries are adjusted according to
the futures price movements.

Delivery
Sabine Pipe Line Co.'s Henry Hub in Louisiana. Seller is responsible for the movement
of the gas through the Hub; the buyer, from the Hub. The Hub fee will be paid by sdller.

Delivery Period

Ddivery shall take place no earlier than thefirst calendar day of the delivery month and
shall be completed no later than the last calendar day of the delivery month. All deliveries
shall be made at as uniform as possible an hourly and daily rate of flow over the course of
the delivery month.

Alternate Delivery Period

An Alternate Delivery Procedure is avail able to buyers and sellers who have been
matched by the Exchange subsequent to the termination of trading in the spot month
contract. If buyer and seller agree to consummate delivery under terms different from
those prescribed in the contract specifications, they may proceed on that basis after
submitting a notice of their intention to the Exchange.

Exchange of FuturesFor, or in Connection with, Physicals (EFP)

The commercial buyer or seller may exchange a futures position for a physical position of
equal quantity by submitting a notice to the Exchange. EFPs may be used to either initiate
or liquidate a futures position.

Quality Specifications
Pipdline specifications in effect at time of delivery.

Position Limits
7,000 contracts for all months combined, but not to exceed 1,000 in the last three days of
trading in the spot month or 5,000 in any one month.

Margin Requirements
Margins are required for open futures and short options positions. The margin
requirement for an options purchaser will never exceed the premium paid.

Trading Symbols

Futures: NG
Options:ON
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