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Mean Reversion in Equilibrium Asset
Prices: Evidence from the Futures
Term Structure

HENDRIK BESSEMBINDER, JAY F. COUGHENOUR,
PAUL J. SEGUIN, and MARGARET MONROE SMOLLER*

ABSTRACT

We use the term structure of futures prices to test whether investors anticipate
mean reversion in spot asset prices. The empirical results indicate mean reversion
in each market we examine. For agricultural commodities and crude oil the magni-
tude of the estimated mean reversion is large; for example, point estimates indicate
that 44 percent of a typical spot oil price shock is expected to be reversed over the
subsequent eight months. For metals, the degree of mean reversion is substantially
less, but still statistically significant. We detect only weak evidence of mean
reversion in financial asset prices.

IN THIS STUDY, WE provide evidence of mean reversion in the prices of several
real and financial assets. Rather than examining evidence of ex post rever-
sion using time series of asset prices, we use price data from futures contracts
with varying delivery horizons to test whether investors expect asset prices to
revert. This approach offers two advantages. First, since futures prices are
readily available for many markets, our procedure can be implemented for
many assets, including those for which reliable spot price data is elusive.
Second, there is little ambiguity as to the source of any mean reversion
detected using our method. Subject only to the maintained assumption that
the no-arbitrage cost-of-carry condition holds, our test detects mean reversion
that is expected to occur in equilibrium, but has no power to detect mean
reversion resulting from noise or inefficiencies.

Our methodology focuses on relations between price levels and the slope of
the futures term structure, defined as the change across delivery dates in the
futures prices observed on a given trading date. An inverse relation between
prices and the futures term slope constitutes evidence that investors expect
mean reversion in spot prices. To illustrate, initially assume there are no
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futures risk premia, so that each futures price equals the trading date
expectation of the delivery date spot price. The term structure of futures
prices then describes several points on the path that investors expect the spot
price will take. Detecting an inverse relation between price levels and the
term slope then implies a lower rate of expected intertemporal price apprecia-
tion when prices rise, and vice versa. This is indicative of mean reversion.

This approach has power to detect mean reversion, because a subset of the
causes of mean reversion also affects the slope of the equilibrium futures
term structure. The cost-of-carry or storage model of futures prices describes
the futures term structure based on a no-arbitrage condition: the slope of the
futures term structure equals the net cost of holding the asset in inventory
between delivery dates. This net cost is comprised of the interest rate less the
rate of benefit (dividend, coupon payment, or service flow net of storage costs)
accruing to the marginal holder of the asset. We refer to this benefit as the
implied cash flow yield.

Given the cost-of-carry condition, our approach can detect equilibrium
mean reversion from two sources. One source is positive comovement between
prices and implied cash flow yields. If prices are mean reverting, then price
changes contain a temporary component, and subsequent capital gains or
losses are partially predictable. If prices and cash flow yields covary posi-
tively, however, then the expected excess capital gains or losses implied by
mean reversion are offset by changes in implied cash flow yields, allowing the
asset to continue offering a competitive expected return. The second source of
equilibrium mean reversion is negative correlation between interest rates
and prices. For a given set of implied cash flows, mean reversion will be
observed if interest rate changes cause opposite direction changes in spot
prices.

Fama and French (1988a) argue that negative comovement between prices
and risk premia can generate mean reversion in equilibrium. Poterba and
Summers (1988) focus on the possibility that mean reversion results from
temporary divergences of prices from fundamental value. This possibility can
also be represented as negative comovement between (disequilibrium) premia
and prices. Our tests can detect mean reversion resulting from movement in
the interest rate component of expected returns, but not from movement in
the risk premium component.

We conduct our empirical analysis using data from eleven disparate fu-
tures markets, including financials, metals, and agriculturals, and find some
evidence of mean reversion in every market. For agricultural commodities
and crude oil, mean reversion arises solely from positive comovement be-
tween prices and implied cash flow yields. In these markets, the magnitude of
the estimated mean reversion is large. For example, point estimates indicate
that 44 percent of a typical spot oil price shock is expected to be reversed over
the subsequent eight months. For metals, mean reversion arises both from
interest rate sensitivity and from positive comovement between prices and
implied cash flow yields, but the degree of mean reversion is small relative to
oil and agricultural markets. Finally, for financial assets, the evidence of
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mean reversion is weak and, as might be expected, is attributable entirely to
interest rate sensitivity.

Finding significant mean reversion in real asset prices has important
practical implications. For example, the return forecastability associated with
mean reversion in asset prices implies that return variances do not increase
linearly with the measurement interval, as they would if prices followed a
random walk. Lo and Wang (1994) show that option prices depend on the
degree and type of return forecastability, because of interactions between
forecastability and risk. This implies that the equilibrium prices of many
derivatives based on real asset prices are affected by mean reversion. Simi-
larly, Laughton and Jacoby (1993) show that failure to accommodate mean
reversion in macroeconomic factors (e.g., oil prices) can lead to overestimation
of risk and systematic biases in capital budgeting decisions.

Our analysis is organized as follows. In Section I we extend the cost-of-carry
model to demonstrate how examining the futures term structure can provide
evidence regarding mean reversion in spot prices. In Section II we describe
our data and statistical methods. Section III describes our empirical findings,
while Section IV provides a brief conclusion.

I. Background and Hypothesis Development
A. The Cost-of-Carry Model

Let F,(m) denote the date ¢ futures price for delivery at date ¢ + m, and P,
denotes the date ¢ spot price. The cost-of-carry relation, which dates to
Working (1949) and Brennan (1958), can be stated as:

F.(m) =P,-eri=com (1)

where r, is the continuously compounded per period interest rate, and ¢, is
the implied cash flow yield (dividend, coupon, or service flow net of storage
costs) to the marginal owner of the asset, stated as a percentage of the asset
price on a continuously compounded per period basis. Note that r, — ¢, = s, is
the slope of the futures term structure. In the absence of transactions costs,
and abstracting from the daily settlement and delivery option features of
futures contracts, equation (1) describes a no-arbitrage condition. In equilib-
rium, the marginal holder of inventory is indifferent between earning ¢, from
holding the asset or by “lending” (by selling at the spot, investing the
proceeds at r,, and buying at the future) it to risklessly earn the same
amount in cash. We take the validity of the cost-of-carry relation (1) as a
maintained hypothesis.

B. Mean Reversion and the Futures Term Structure

Define m, as the per-period bias in the period ¢ futures price as a forecast
of the future spot price:

_ In[E,(P,,,,)/F,(m)]

m

(2)

Ty
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In equilibrium, 7, is the expected risk premium earned by speculators who
hold a long futures position. Using equations (1) and (2), we can express the
current spot price as

E(P
p - t( t+m) (3)

4 em(ritm—c,)

We assume that the implied cash flow yield, the risk premium, and the
interest rate can each be stated as differentiable functions of the spot asset
price: ¢, = ¢(P,), m, = w(P,), and r, = r(P,), with first derivatives ¢’, 7', and
r', respectively.! We define mean reversion as a percentage change in the
date t expectation of the date ¢ + m spot price that is less than the percent-
age change in the date ¢ spot price. An elasticity less than unity implies
mean reversion since a component of the spot price shock is temporary, and is
expected to be reversed by date ¢ + m. Using equation (3), the elasticity of the
date ¢ expectation of the date ¢ + m spot price with respect to the date ¢ spot
price is:

JE(P,, ) P,

c - . =1+m-Plr +a' —c'l 4)
E(P), P JP, Et(Pt+m) :

Equation (4) implies that mean reversion occurs if and only if [r’ + 7' — ¢l
<0.

We cannot observe m, or E,(P,, ). However, from equation (4) we see that
if 7' is not positive, then a finding of (r' — ¢’) < 0 is a sufficient condition for
inferring that ez, p < 1, and it constitutes evidence that investors expect
spot prices to revert. Time-varying risk premia are widely viewed (e.g., Fama
and French (1988a)) as a potential source of mean reversion, implying that
' is negative. Also, mean reversion resulting from inefficiencies can be
represented as negative comovement between prices and (disequilibrium)
premia. Finally, from equation (3), 7, is a component of the discount rate.
General valuation theories imply that value can be stated as the discounted
worth of future benefits to holding the asset and, ceteris paribus, value falls
with discount rates. Hence, we make the maintained assumption that 7' is
not positive.?

! Tt may be more natural to think of causation running in the opposite direction, with interest
rates and risk premia affecting asset prices. However, since we are concerned only with the sign
of the relation, the direction of causation is immaterial to our analysis.

2 In earlier versions of this article we also provided empirical evidence regarding the validity of
this assumption by regressing estimates of risk premia on the near futures price. Since the
futures risk premia is the expected rate of change in a given contract’s delivery price, the actual
rate of change in the delivery price is the premia plus a forecast error. Thus, we estimate 7' by
regressing observed ex post changes in futures prices on the level of the near price on the prior
day. For virtually all markets and maturities in our sample, the resulting 7’ estimates are
negative, although none are statistically significant. These results, which are available from the
authors, indicate that variation in risk premia do not overturn our findings of mean reversion in
spot asset prices. Rather, these results comprise weak evidence that comovement between prices
and risk premia constitutes an additional source of mean reversion that is not detected by our
reported tests.
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The elasticity of the future price F,(m) with respect to the contemporane-
ous spot price is observable and, based on the cost-of-carry equilibrium (1),
can be expressed as:

dF,(m) P,
FP T TGP, F(m)

The cost-of-carry equilibrium predicts that this elasticity will be less than
one, implying mean reversion in spot prices, if s’ = r’ — ¢’ < 0, that is, if the
slope of the futures term structure declines when prices rise, and vice versa.
Intuitively, there are two cases where mean reversion can occur in equilib-
rium. The first is when implied cash flow yields covary positively with spot
prices (¢’ > 0, r’ = 0) so that changes in cash flow yields compensate for the
unusual capital gain or loss implied by the reversion of prices. An example
would be a temporary increase in a stock’s dividend payout, which would
increase the stock price prior to the payout date, but not the expected
postpayout spot price. The second occurs when interest rates covary nega-
tively with spot prices (r' < 0, ¢’ = 0), so that spot prices shift in reaction to
changes in the interest rate component of expected returns. An example
would be an increase in real interest rates that raise discount rates without
proportionate increases in expected future cash flows. This would result in an
asset price decline, followed by higher mean returns.

Empirically, we examine mean reversion two ways. First, we estimate the
derivatives s’, r’, and ¢’ directly. Second, we estimate the elasticity of
distant futures prices with respect to spot prices. Equation (4) implies that, if
mean reversion occurs, the futures-spot elasticities should be less than one,
and should decline with maturity. If the cost-of-carry equilibrium holds, both
estimation procedures should provide consistent results.

=1+m-Plr —c']. (5)

II. Data and Methods
A. Choice of Contracts

We use daily settlement prices for eleven futures markets over the interval
January 1982 to December 1991, obtained from Data Resources, Inc. (DRI).3
There are problems inherent in the use of spot price data for several of the
asset markets we examine. These include nonsynchronous observation of spot
and futures prices and high rates of data errors in the available computerized
databases. Accordingly, we follow Fama and French (1987) and Bailey and
Chan (1993) in using the nearest to maturity futures price as a proxy for the
spot price.

We select eleven futures markets to provide cross-sectional variation in
potential sources of mean reversion. We use five agricultural commodities,
including Wheat, Live Cattle, Orange Juice, World Sugar, and Domestic
Sugar, anticipating that convenience yields (service flows) are important for

% Three of the futures contracts in our sample commenced trading subsequent to January
1982: the S&P 500 (April 1982), Crude Oil (March 1983), and Domestic Sugar (September 1985).
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agricultural markets.* Results for World (unregulated) and Domestic (regu-
lated) Sugar can be contrasted to examine the effects of regulation: with the
exception of a small quota dictated by the U.S. government, world sugar
cannot be imported for delivery on the domestic sugar contract. We also
include four mineral contracts: Crude Oil, Gold, Silver, and Platinum.® Like
agricultural futures, we anticipate that convenience yields will be important
for the metals contracts, but smaller and less variable. Finally, we include
two financial contracts, the S&P 500 Index and Treasury bonds, for which no
storage costs or convenience yield is likely to be included in the implied cash
flow yield.

B. Measurement of Cash Flow Yields

We use data on the observed term structure of futures prices to obtain
estimates of implied cash flow yields to holders of the spot asset. To do so, we
must incorporate the foregone interest component of carrying costs. Let r,, ,
denote the per-period, continuously compounded, spot interest rate applicable
to the interval from ¢ to ¢t + m. Forward interest rates for the interval from
time ¢ + n to time # + m are then defined as:

m n
rnm,t:rm,t(m—_;) _rn,t(;—_—n)' (6)

We estimate forward interest rates by applying equation (6) to Treasury Bill
yields obtained from DRI.

Applying equation (1) to futures with maturity dates of ¢ + n and ¢t + m,
we can obtain implied forward cash flow yields from pairs of futures prices
according to:

In(F,(m)/F,(n))

(m —n)

)

nm,t  'nm,t

C. Methodological Issues

We analyze the behavior of futures prices separately on the basis of a
variable we term “nearby,” which indicates relative nearness to expiration;
Nearby = 1 denotes the contract nearest to expiration (except that we do not

% The theoretical analysis of French (1986) and the empirical study of Fama and French (1987)
indicate that variation in marginal convenience yields (service flows) is important in determining
the markets in which spot price changes will be forecastable. Although they do not specifically
address mean reversion, Fama and French (1987) find that instrumental variables contain power
to forecast changes in spot prices primarily in markets for agricultural and animal products,
where convenience yields are likely to be variable. Fama and French (1988b) extend the analysis
to show that the relative volatility of spot and futures prices depends on marginal convenience
yields. Consistent with their reasoning, they show that spot metals prices are more volatile than
futures when bases are unusually high, and vice versa.

5 Metals markets trade contracts for both “major” and “minor” months. Major contracts
commence trading a year or more prior to maturity, while minor months commence trading two
or three months prior to maturity. We confine our analysis to major contracts, which are
characterized by substantially larger volumes and open interest.
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use prices within the delivery month), Nearby = 2 is the second nearest, etc.
To mitigate possible bias due to light trading we exclude from our tests any
nearbys if data is not available for at least 80 percent of all trading dates. All
of our results are quite uniform across nearbys, and our conclusions would be
unaffected if the analysis were further limited to nearer and more liquid
maturities.

Statistical inference in this dataset is not straightforward due to two
sources of dependence among the observations. First, observations on a given
trading date for different delivery dates are highly correlated. Second, obser-
vations on the future term slope and implied cash flow yields for each
contract are autocorrelated over time. Throughout this study, we accommo-
date these sources of dependence as well as generalized forms of het-
eroskedasticity by employing Newey-West (1987) standard errors.®

III. Empirical Results

A. Determinants of Mean Reversion: Prices and the Slope of the Futures Term
Structure

In Section II we derived that, if the cost-of-carry relation (1) holds, then
mean reversion occurs if s’ = r’ — ¢’ is negative. That is, if increases in the
spot price are accompanied by decreases in the slope of the futures term
structure, and vice versa, mean reversion in spot prices is implied. We
evaluate the occurrence of mean reversion separately by nearby using the
variable:

In(F,(m)/F,(n))

(m —n)

- Cnm,t’ (8)

S

nm,t nm,t

which is the slope of the date ¢ futures term structure over delivery dates
t+ntot+ m.

In Tables I, II, and III we report results of regressions that estimate the
derivatives with respect to price s’, ¢’, and r’, respectively. Since the
dependent variable in the first specification is the difference between the
dependent variables in the next two, the same relation exists between
estimated slope coefficients. For reasons outlined earlier, we use the near
futures price as a proxy for the spot price. Due to the high autocorrelation
and potential nonstationarity in the term slope and its components, we
estimate these regressions using first differences of each data series. To
facilitate comparison of coefficient estimates, each price series is scaled by
dividing by its own mean.

To conduct tests involving K nearbys we employ K + 1 lags to compute the Newey-West
covariance matrix. With the data sorted by trading date and then by delivery date, a lag K + 1
adjustment accommodates the dependence across the K contracts as well as first-order autocor-
relation across observation dates. Joint hypotheses are tested using the Wald statistic W =
(RB)'(RNR) }(RB) where R is the restriction matrix of rank g, B is the coefficient matrix, and
N is the Newey-West matrix. The Wald statistic follows an asymptotic chi-square distribution
with g degrees of freedom.



The Journal of Finance

368

"L86T ‘IE 03 GT 1940300 WIOIJ BIEP SOPN[IXH .
1 PUB ‘G ‘9 ‘g 9Ie SYIUOW AISAI[R(] 4
‘0T pue ‘4 ‘G ‘g axe syjuow Nﬁw\iwﬁ
‘IT PUe ‘6 ‘L ‘G ‘g ‘T oae syjuowr %BZEQ R
"1 PUB ‘6 ‘), ‘G ‘g aar syjuowr KISAT[R(] o
0T PUe ‘L % ‘T ode syjuow L1aAre( ,
"G1 PUe ‘0T ‘g ‘9 ‘¢ ‘g oae syjpuowr b?:om
"G1 PUB ‘IT ‘0T ‘6 ‘8 “L 9 ‘G ‘¥ ‘g ‘G ‘T o1e syjuowt \Qm\EwQ e

(00Z°0) (T00°0) (LS¥0)  (000°0)  (000°0) (000°0) (0000)  (000°0) (0000)  (000°0) (000°0) (000°0) (emea-d) X

019z [[&
797 ¥ 91 eL'9 1€6¥y  VEGIT yr'eey Y1°002 L6611 6T°0TT 69Ty  96'9¢  G¥'95¢ IS9L
97°0) (€€°0) (6L2)
6¥'0— 60— GE9T— 8
L9°0) (@6°2) (9€0) (€LY (00%)
80T~ §%'6— 98T— ¥¢€— F¥91- L
#90) (§9°¢) (€2€'1) (6€°2) (8¢0) (LTTD (19
96°0— EL°G%— 69'LC— 86'G— G9T— 89— TIP8I— 9
#9°0) (613 ((£29) (60°0T) (1€°¢) (61°¢) 0£°0) (Leo) (@rT1) (398
LLO— I8°9T— &V O0T— 1691 - 1€2T— 6861— 8% ¢— 8LT— 89— 187T1c— g
@D (€9T) (©9°0) 9L°2) (229} (07'6) (09°%) (88°2) (07°0) @¥0o) (8¥T) (329
€8T — 68'1— L9'0— 66—  L8VI— LO'LT - TI€CT— G6'8T— 1874 69T— ¢8C— GL6G— 14
L7°0) (8%°0) (#9°0) (¥6'3) 07'¢) (99'8) (S67) @19 g0 @€0) (BT (LT9)
650 SLT— GO'T— ¥res— 9196 — L6'LY — ST'%6— ¥T'LG— LS€— YT- FIv— 800S— €
(18°0) (@80 (09°0) (S0%) (€9°€) @L1D) 9g°2) (95°%) @¥0) 680 (69T)  (B8TID)
8LT 6T°0— 820 96'86—  98°LE— G6V6T—  FL96— G6'GE— 86— 0L0— ¥%89— 9LV 4
43005 d®S 5005 d®S sSPUOg  (P[HBD  jIesng - Tesng LML pJBIYM  WnUnE[d (P[0 ¢IPA[IS uel £qreaN
yser) ele [[V  AInseaif, PHOM  ousswog  dSuei( apniy)

Sutpnpxy

‘o8ejusoiad pozijenuue ue se pejeidiojur oq ued pue (00‘Gg £q perdynw uea(

SeY 9[qeLIBA JUspUadop YdB] "UBSWI SOLISS SUIT} UMO S} ] POPIAIP U99q Sy 99Ld Yord S9JBUIIISS JUSIOLJO0 Jo suosLredurod 9je31[B] 0, ‘sesoyjuared

Ul 91 SIOLIS PIEPUE)S 'SOOUSISHIP ISIY UL PIJBUINSS oIe SUOISSaIFoy 010 ‘Sojep AISAISp }S0IB9U PIIY) PUB PUO0IIS oYy Jof seoud Suisn paurelqo

S}[Mso1 sojouep ¢ AqIedN S9)ep AISAI[OP JSOIBOU PUOIIS PUR IS0IBOU OY} I0f S00rid SUIST PoUreIqo SINSSI SOjoUSp g AqieoN "Uorelrdxs JoBIjuod

03 ssouaeau Aq A[ejeiedes pPajRUINISe ale SHUSDYJe0)) “jods a3 10 Axo1d & se 9sT om YOIy ‘00tid SeInIny IeoU 8y} U0 ‘Y + 2 9jep I8 KxaAtep 10y souad

SOIMINY 7 93P BYY ST (¥)%f 9IOUM (U — wr)/((U)'f /(W) )ul = 7 ™“¥s :odo[s uLIey seanyny oy SuissarFol WOIJ SJUITOYI00 odo[s pejewIyse aie 9saY],
S9JLI{ JO [9A97] 9} PUE 3INJONI)S ULIJ ], S9ININJ 3Y3 Jo 9dO[S oY) U29M)3q SUOIIe[dY

I°198L



369

"L86T ‘TE 03 GT 19G03>() WO} BIED SOPN[IXY

(961°0)

(#90°0) (0000)  (0000) (0000)  (000°0) (0000)  (0000)  (0000)  (000°0) (000°0) (0000) (emrea-d), X
0I3Z e
89'% qT'L 1€96F  TL¥SY  T9LIZ  ST'89% 9L'86T  ZS6IT G6'80T  GB9S  8G6F  $9'89% 189,
(0%°0) G%0)  (5LB)
. 8F— 1 Sy'91 8
S (@€0) (66'2) 830) (LT  (88€)
& g0 — 656 611 6 8%91 L
% (1€°0) (99 (16°21) (98°%) (0g0) (8T'T)  (SL'9)
2 80°% — 0993 SLLE S0'9 6T'1 gre  6g8I 9
< (98°0) (L13) (888  (T0T) (828)  (61°9) (99°0) (I€0) GIT) (199
m P67 — €99T 90T 11°g1 9e'21 09°61 9g'g ¥2'1 er's  8L1% g
2 (68T) (8€'T) (0¥'0) #L3) (898  (89'6) L3  (067) (I%'0) #£0) (IST)  (€2°€)
RO LT 628G — 1062 16%1 8% LT y821 €061 61°¢ 03'T 9% 6963 ¥
T (90) #9°0) (8%'0) (&¥2  (I¥e)  (I¥'9) 68%) (119 (7'0) #30) (€2T) (819
nm, 9L0— ze1 $6'¢— g8 2%9¢ ev'sy 9% LI'LG ge'e 60  96€  ¥209 g
& (680 (16°0) (99°0) (G0¥%)  (I9%)  (LO'IT) 95°L)  (99%) @¥'0) I¥0)  (S9T)  (€811)
S  86T- LT0- £9p — €688  6FLE 61°G6T $996 68 ¥9'¢ IT0 8%  SLS¥I z
()
‘B 2009d®S 009d®S  spuog  oe) JeSng  Jesng 0MpP  JBAYA  WNUNB[]  POH)  JOA[IS 140} £qreaN
W meho NaNQ 54 %.nﬂmmmhrﬁ wﬁwumo @:og UE@@EOQ wwﬂmho OHZ‘CU
Q Surpnpxyg
2
m ‘o8ejusored pazijenuue ue se
Me pajeadiajul oq Ued pue ()0(0‘Gg £q perdij[nW usaq SBY S[qeLIeA juepuadap Yoe "UBSW SALISS SUWIT} UMO S}I Aq POPIAIP U99q sey 9oud yoes ‘sajewrso

JUBIDLIR00 Jo uosLIEdWIO) SYeI[Ide] O], 'S9soyIuaIed Ul 818 SIOLI® PIEPUE]S “SOOUSISJIP 1SILJ Ul POJEUISS oIe SUOISsaI3oY 70 ‘sajep AISAIDP }soIBaU

PAIy} pue puodss dyj 1oy seoad Julsn PIUreIqo SINSIL S9J0UBP ¢ AGIEIN ‘SIJEp AIGAI[SP 3S8IBSU PUOISS PUE JSOIBAU oy 10y seoud Sursn psureiqo
SS9 S930UBP g AqIeaN "U01eIIdXd J0RIFU0D 0} SSOUIESU £q A[9jeedos PojelnSe a1 SJUBILFa0s) Jods a3 10J £x01d € B 95T 9m YoIyM ‘eorid senjny
4 PUB ¥ + 7 9)ep Je A1oalep 10y 9oud seanny 7 oep oy

Tedu Y3 UO ‘W + 7 03 U + 7 [BAIS}UL 83 03 O[qedr[dde o).l Jsa10)ul pIemo] 7 99Bp Ay ST * X
ST(Y)'d 2a0UM “[(u — w)/(u) g/ () gyuy) — e = T

SAILL] JO [9A97] 9} PUE SP[AIX MO[] Yse)) pardu] usomjaq Suone[ay

1191981

2 :Sp[e1k moy yseo pordur Surssaifos woxy sjusIolye0d odofs pajewyse syaodea aqes STy,



The Journal of Finance

370

"L86T ‘1€ 03 GT 18030 WO} BIBD SOPN[OXY ,

(997°0) (902°0) (0000 (@1L0) (6160) (166°0) ¥¥6'0)  (89L°0) (925°0) (0000) (T000) (366°0) (ompea-d),X
019z [[B
95°¢ LSV 62991 G6'C €8’ GS0°0 0LT L8'T 61°€ LS'TY 10°'T¢e eT'T 89 L,
(€9°0) (€2°0) (81°0)
(4 §8'0 (480 8
(©9'0) (9%°0) Le0) (€2°0) (@€0)
06— 0€°0 L9°0— TL°0 700 L
(€9°0) (1€°0) Lo1) (¥€°0) (0€°0) (150 91°0)
¥0'G— 80— 91’0 L00 90— ST0— 00— 9
(TL°0) (81°0) aro (0L£0) (L&0) (81°0) (PAX0)) 920 (81°0) (@1°0)
TLG— 8T0— al’o IT°0— g0'0 120 eT0- €50~ 610 €0°0— g
(€9°0) (I1so0 (¥9°0) F10) (80°0) (€L°0) (82°0) (11°0) (91°0) (8T°0) @ro (¥1°0)
av'o— 8T0— 96'G— €50 ¥0°0 6T°0— G0'0 80°0 180— 660~ 9T'0— €0°0— ¥
(3€0) (1€°0) (L¥0) (ST°0) (90°0) (68°0) (61°0) (It o F1°0) #20) #1°0) (62°0)
Ly0— €V'o— 66’7 — 80°0— 900 S¥'o S0°0— €00 60— 690~ 8T0— 9T'0 €
(85°0) (92°0) ((540) (35°0) (80°0) (98°0) (92°0) ¥1°0) F1°0) (€2°0) 91°0) (32°0)
61°0— 9€'0— GE¥y— €0°0— €10 Lg0 6T0— €00 8T0— 60— 960~ 000— 4
005 d®S 005 d=®S spuogq o[yeD  IeSng Tesng oomp eayM  wnune(d PIoD IOATES I*o £qreaN
yser) ele [[V  Ainseei], PHOM  dusewo  eSueiQ spnx)
Surpnpxy

-a8ejusdsed pozifenuue ue se psjeidisjul 8q Ued pue 000‘Gg Aq perdynw ussq sey d[qeLres Juspusdop Yoes ‘UBOW SOLIOS OUI} UMO
31 £q POPIATP USq SeY d01id Yord S9JRWIYSO JUSIOLFO0D JO UOSLIBdUIOD 83B}I[108] O, 'S9sayjualed Ul oI SIOLIO PIBPUE}S ‘SOIUSIIMIP JSIY Ul POJBWIISe
9Ie SUOISSAILIY 939 ‘Sajep AIOAI[OP }SOIBIU PAIY) PUE PU0DSS 9} 10j sooLid SUISn paurelqo SIMSAI $9j0Usp g AQIBON S9Jep AISAI[OP }SOIBOU PUOISS
pue jsoresu oYy J10j sooLid Sulsn paurelqo s}NSaI SAJOUSP g AQIBdN “uoneiidxe J0BIU0) 0] sseuresu Aq A[oreredss pojewIise ode SJUSLYE0)) jods
a3 10§ £x01d ® s& osn om YoIym ‘eorad seanjny Jeau ayj uo ' ““s ‘sayel 1sedequr premioy Surssosdor wody sJUSIOLFe00 odo[s pajewriss syrodat 9[qes SIy,

SIOLLJ JO [9A97] 9Y) puUe Sajey }S9I9IU] PIBMIO,] UIdM]I( SUOLIB[IY

III °19®e.L



Mean Reversion in Equilibrium Asset Prices 371

Table I reports estimates of s’ obtained by regressing the change in the
futures term slope on the change in the near futures price. For the commodity
markets, including metals, crude oil, and agriculturals, the regression coeffi-
cients are uniformly negative and significant, implying that increases in the
level of commodity prices tend to be accompanied by decreases in the slope of
the commodity futures term structure, and vice versa. Although we can detect
a significant negative relation for metals, the coefficient estimates are orders
of magnitude less than those for the agricultural commodities. We conclude
that, for real assets, mean reversion in spot prices is the norm rather than
the exception.

For financial assets, the evidence is less clear. Estimates of s’ for Treasury
bonds are negative for all nearbys, except Nearby = 2, but are not significant.
The p-value on a test of the hypothesis that this coefficient is zero for all
nearbys is 0.457. We conclude that there is only very weak evidence of mean
reversion in Treasury Bond prices. For the S&P 500, use of all data leads to
evidence of mean reversion: point estimates of s’ are negative, and the
hypothesis that each estimate equals zero can be rejected ( p-value = 0.001).
When we exclude the second half of October 1987, the point estimate of s’ is
significantly positive for the second nearest S&P contract, which suggests
reinforcement rather than reversion. The point estimate for the fourth near-
est S&P contract is negative, implying reversion. On balance, evidence for the
S&P contract is inconclusive.

Mean reversion can result either from interest rate sensitivity of the spot
asset price, or from covariation between spot prices and the rate of cash flow
to holders of the asset. Table II reports estimates of ¢’, the sensitivity of
implied cash flow yields to prices, obtained by regressing changes in implied
cash flow yields on changes in the near futures price. Table III reports
estimates of r’, obtained by regressing changes in forward interest rates on
changes in the near futures price. Positive estimates of ¢’ indicate mean
reversion induced by variation in cash flow yields, while negative estimates of
r' indicate mean reversion induced by interest rate sensitivity in the asset
price.

Fama and French (1988b) predict that price forecastability will be most
evident in markets where inventories and hence marginal convenience yields
are highly variable, or equivalently, in markets where long-run supply is at
times substantially more elastic than short-run supply. Cross-sectional differ-
ences in results reported in Table II are consistent with these predictions.
Point estimates of ¢’ for Crude Oil and agriculturals are uniformly positive,
and the hypothesis that each estimate is zero is rejected for each market.
Positive estimates of ¢’ indicate that, when the commodity becomes scarce
(as signaled by a price rise), there is a proportionally larger increase in the
implied cash flow. This allows for mean reversion in equilibrium, since the
increase in cash flow yields offset the forecastable capital loss implied by the
reversion of prices. In contrast, point estimates of r' do not differ signifi-
cantly from zero for these commodities, implying that the forecastability is
wholly attributable to shifts in implied cash flow yields. The largest estimates
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of ¢’ are found in the nearest to delivery contracts for Domestic Sugar
(195.19), Crude Oil (148.75), and Orange Juice (96.54). Estimates of this
coefficient are similar for the two sugar contracts with the exception of the
nearest to delivery, where the coefficient for the domestic contract is roughly
five times as large. We interpret this finding as indicating that the con-
straints imposed by regulation dramatically decrease the elasticity of short
run supply, causing large temporary price swings.

Mean reversion in metals markets is attributable to comovement of both
interest rates with prices and implied cash flow yields with prices. For each of
the three metals markets, all point estimates of ¢’ are positive, while
virtually all estimates of r' are negative, and most differ significantly from
zero. The significance of the r’' estimates for metals is important, as this
indicates mean reversion-in equilibrium asset prices deriving from shifts in
the investment opportunity set.

Estimates of ¢’ for Treasury Bonds are uniformly negative, reflecting that
the percentage cash flow yield derived from fixed coupon payments declines
with bond prices. Negative estimates of r’' reflect the inverse relation be-
tween bond prices and interest rates. Estimates of ¢’ smaller in absolute
magnitude than corresponding estimates of r’ would comprise evidence of
mean reversion in bond prices. The actual estimates are roughly equal and
hence offsetting.

For the S&P 500, our measure of cash flow yield should capture only
dividends. Ceteris paribus, dividend yields fall with stock price increases,
implying a negative relation between stock price shocks and measured cash
flow yields. However, shifts in dividend payouts can lead to a positive relation
between prices and yields, as dividends replace capital gains as a source of
expected returns. Empirical results are mixed, with some slopes having a
positive estimate. When we exclude the second half of October 1987, the slope
coefficients are predominantly negative. We conclude that the slight mean
reversion in distant delivery S&P contracts is attributable to interest rate
sensitivity, and thus to changes in expected rates of return.

B. Evidence of Mean Reversion Based on Elasticities

In Section III.A above we provide evidence of mean reversion based on
estimates of the derivative s’ and its components, r’ and ¢’. We now provide
corroborating evidence by estimating elasticities. of futures prices with re-
spect to spot prices. The cost-of-carry-relation implies that if spot prices are
mean reverting, then the elasticity of the futures price with respect to the
spot price will be less than one and will decline with the time to contract
expiration. If the cost-of-carry equilibrium were known to hold at all times,
this test for mean reversion would be redundant. However, market imperfec-
tions, delivery options, and the daily settlement feature of futures contracts
allow for some violations of the cost-of-carry condition. Consistency of results
across estimation methods can potentially validate our reliance on the cost-
of-carry equilibrium. Also, elasticity point estimates provide readily inter-
pretable estimates of the magnitude of the forecasted mean reversion.
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To estimate elasticities of futures prices with respect to spot prices, we
regress the first difference of logarithms of distant futures prices on the first
difference of logarithms of near futures prices (used as proxies for spot
prices).” The resulting point estimates are presented in Table IV. Consistent
with the existence of mean reversion in spot prices, the estimated elasticities
for metals, Crude Oil, and agricultural commodities are uniformly and signif-
icantly less than one, and decline monotonically as the time to the futures
expiration date increases. Point estimates indicate the greatest degree of
mean reversion in agricultural and crude oil markets. For example, for Crude
Oil the point estimate on the eighth nearby contract is 0.56, implying that 44
percent of a spot oil price shock is reversed over the subsequent eight months,
on average. Estimated elasticities for the fifth nearest Wheat, Orange Juice,
World Sugar, and Cattle contracts all lie between 0.50 and 0.67, implying
that on average between a half and a third of spot price shocks are expected
to be reversed within a year. The coefficients associated with the fourth
nearest contracts indicate that roughly one third of all World Sugar price
shocks are reversed before expiration of the later contract, while for Domestic
Sugar, this proportion is over 70 percent. We again attribute this difference
to rigidities in short-run supply caused by regulatory limits on sugar imports.
In contrast to results for oil and agriculturals, but consistent with Fama and
French (1988b), elasticity estimates for metals are generally above 0.90,
indicating a lesser but still significant degree of mean reversion.

Elasticity estimates provide little evidence of mean reversion for financial
assets. Point estimates for Treasury bonds are consistent with mean rever-
sion since the elasticities decline monotonically with maturity. However, the
decrease is small: the elasticity of the eighth nearest contract, with maturity
some two years distant, is 0.969. Also, for Treasury bonds the hypothesis that
each elasticity coefficient equals one cannot be rejected (p-value = 0.552).
For equities, there is evidence of mean reversion, since estimated elasticities
decline with time-to-maturity and the hypothesis that the elasticities equal
one another across nearbys can be rejected. However, the decline is again
small (the point estimate for the fourth-nearest contract is 0.988), and once
again results are driven largely by a few observations in October 1987. When
the last two weeks of this month are excluded each estimated elasticity lies
between 1.008 and 1.011, and the hypothesis that the elasticities equal each
other cannot be rejected.

IV. Conclusions

In this study, we introduce a test for mean reversion in equilibrium asset
prices. This test offers two advantages. First, the test can be implemented in

" It is readily shown that the elasticity we actually estimate (of the distant future with respect
to the near future) is the ratio of two unobservable elasticities: the elasticity we would like to
estimate (of the distant future with respect to the spot) to the elasticity of the near future with
respect to the spot. If mean reversion occurs, then each unobservable elasticity is less than one,
and the net effect of using the near future as a proxy for the spot is to bias our estimates
upwards and against detecting mean reversion.
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a broad array of markets, including those where reliable spot price data is
lacking. Second, the test allows little ambiguity as to the source of the mean
reversion: subject to the maintained assumption that the no-arbitrage cost-
of-carry condition holds, our test only detects mean reversion that is expected
to occur in equilibrium.

Our approach has power to detect mean reversion, because some of its
causes also affect the slope of the equilibrium futures term structure. One
possible source of equilibrium mean reversion is positive correlation between
assets’ implied cash flow yields and prices. A second source of equilibrium
mean reversion is negative correlation between interest rates and prices.
Mean reversion from either of these sources implies an observable negative
relation between spot prices and the slope of the futures term structure.

We conduct our analysis using data from financial, metal, and agricultural
markets. For agricultural commodities and Crude Oil, the observed mean
reversion is large in magnitude and arises solely from positive comovement
between prices and implied cash flow yields. For metals, mean reversion
arises from both sources, but the degree of mean reversion is small relative to
oil and agricultural markets. For financial assets the evidence of mean
reversion is weak.

This empirical evidence is important for at least two reasons. First, docu-
mentation of mean-reverting prices in real asset markets has practical impli-
cations. For instance, failure to accommodate mean reversion when it exists
can lead to systematic biases in capital budgeting decisions and in pricing
derivatives. Second, our results confirm that mean reversion in asset prices
occurs as an equilibrium phenomenon in some asset markets.
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