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Commodity Futures Market Reaction to
Anticipated Public Reports: Frozen Pork Bellies

Li Yang”

This paper investigates the reaction of the frozen pork bellies futures market to the release of
inventory information. Knight-Ridder releases their analysts’ forecasts two days prior to the estimates
" provided by the USDA. The model provides a direct link between analysts’ forecasts, the USDA
estimates, and traders’ beliefs on the frozen pork bellies inventories in storage. It differs from
previous studies in that the price reaction depends on the information content of the difference between
the USDA estimates and the analysts’ forecasts, and on the dispersion among the analysts’ forecasts.
It is shown that empirical tests based solely only the information content of forecasts induce possible

measurement error and result in the biased findings.

Introduction

The impact of public information on commodity futures markets has long been discussed.
The USDA has been traditionally the most important source for public information in commodity
futures markets. A steady stream of information on crop size, livestock inventories, grain exports,
and a host of other statistics is provided to commodity market participants. The USDA Cold Storage
Report (CSR) is one of them. The report is released monthly by the USDA and provides estimates
of inventories of frozen agricultural commodities in storage, including pork bellies.

Knight-Ridder’s MoneyCenter news service surveys analysts regarding their expectations of
the amount of frozen pork bellies in storage and releases these expectations in the form of “pre-
release estimates™ two trading days prior to the release of the CSR. These pre-release estimates are
the analysts’ forecasts of the USDA estimates in the CSR.

The impact that the USDA reports has on commodity futures markets has been well
developed empirically based on the efficient market hypothesis. There are, however, few studies that
have investigated the mechanism of commodity futures market reaction to the USDA reports. Falk
and Orazem (1985) construct a theoretical model of futures price determination.in which they
separate government forecast information from forecasts provided by other sectors. The model
shows that price changes are entirely due to the unanticipated component of new information,
government announcements or private forecasts. Therefore, the USDA report is valuable to market

"Graduate student in the Department of Agricultural and Consumer Economics, University of Illinois
at Urbana-Champaign. Iam grateful to Scott Irwin and Phil Garcia for their insightful suggestions.
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signal and informed traders receive a costly prtV
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period is a forecast of the second period public report about the risky asset return. Abarbanell,
Lanen, and Verrecchia (1995) assume that a costly private signal about the risky asset return and
several free forecasts about the second period public report are received in the first period.
Following the information structure in the model of Abarbanell, Lanen, and Verrecchia (1995), our
model assumes that there are several free analysts’ forecasts of the USDA estimates about frozen
pork bellies inventories in the first period and the report of the USDA estimates comes out in the
second period. But the costly private signal is not included in our model. The different assumptions
of information structure in each model are driven by the different purposes of the studies and
different characterizations of stock market and commodity futures markets.

The futures market is a derivative market, i.e., futures contract returns depend directly upon
the prices of other well-defined assets or commodities, in contrast to bonds and equities. One
important feature of the model presented here is that the agents who produce the commodity to be
sold on the spot market also are futures traders. These futures traders have random final period
endowments which are correlated with asset returns and their decisions on futures trades are affected
by their beliefs about both the spot price and their own output. The random endowments here are
physical inventories which is the source of uncertainty about that traders have any information. The
models used in analyses of the stock market also include random endowments, but traders do not
have information about these endowments. The information that traders have in the stock market
is the uncertainty of the risky asset return.

Elements and Notations

The model consists H* pure speculators and H hedgers. Among hedgers, there are H"
producers such as slaughtering plants and H™ processors or stockholders. All traders are risk averse
and price takers. All random variables are described by normal densities and are designated by a
tilde. At time 1, all traders receive at no cost several analysts’ forecasts, f ,j=1,..k, of the USDA
estimates, y, with mean y and variance o,, about frozen pork beflies inventories, where
f=7+8+ f),. Each forecast-of f; is contaminated by a source of noise common to all forecasts,
5, and a source of noise unique to each forecast, f, . These two sources of noise reflect situations
where the analysts acquire information from the same source and where they acquire information
from their own independent soyrces. After traders observe these forecasts, they can weigh these
forecasts differently, which are Yk, f, . i=hf, hr, s. Based on their weighting scheme, they generate
their own expectations of the spdt price at time 3. Then trading takes place at the market-clearing
price p',. Traders hold x'  units of the futures, where i = Af, hr, s, which represent producers such
as slaughtering plants, processors or stockholders, and speculators, respectively. At time 2, the
USDA releases its estimates of frozen pork bellies inventories in storage, y, where y = § + €. The §
with mean s and variance 0, represents the actual inventories and € is a source of noise unique to
the USDA estimates. After all traders observe y, they have the same expectations of the spot price
at time 3. However, they have different risk preferences, another round of trading takes place at the
market-clearing price p,. After trading, traders hold x' » units of the futures (i=hf,hr,s). At time 3,
the realization of the spot price of the commodity becomes universally known. Deliveries and
financial settlements are made on any outstanding futures contracts.
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markets. For pure speculators, the terminal wealth is the net return from the futures market, Thus,
traders’ termina] wealth, v 7 (; =hfhr,s), can be written as:

w'=0 ﬁas”L(ﬁzf - 4516"1[*@'3: - ﬁﬁ’*’z .

A perfectly competitive, rationa] €Xpectations equilibrium framework requires that the futyres
market clears at each round of trading, Thjs requirement is specified as

H"fx,hf + H""x,hr + H%' = 0, £=1,2,

In the spot market, it ig assumed that stocks Purchased by Processors and stockholders
represent the aggregate demand, D(p*) or H" 4, at time 3. The demang function is assumed o be
Dps)=a- bp %, where 7 is a random variable with mean E, and variance V.and bisa positive
constant. The aggregate supply is § at time 3, where § = gw g. Itis also assumed that the spot
market clears at time 3.

The noise terms in the model, (8, LT £) are mutually independent and distributed normally
with zero mean and variance » Oy, 0, 0,, respectively.

Characterization of Equilibria

Maximize E[-exp(-r' ’)[Q,_], i=hfihr,s, Q,=(, 7).
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The demand of the processor or stockholder for futures at t=2 is

E rhry
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Each speculator's demand for futures at t=2 is
s _ E ‘(.P";, Qz) "P_2f
r ‘var ’(ﬁ';]Qz)

2

The equilibrium price is

: A s
B = — E)|Q,),
A - AV var(p, [Q,)
where
hf hr s hf hr
A = (£_+H +£{_), : Al = (H +H ).
F hf r hr Fe r hf r hr

The second round of trading results in the futures demand for all traders that is positively
related to the conditional expectation of the spot price at time 2,ie., E(p%Q,), and is negatively
related to the equilibrium price, f',. In addition, the producer’s demand for futures also is negatively
related to the conditional expectation of physical supply, E(G | Q,), and the processor’s or
stockholder’s futures demand is positively related to the conditional €xpectation of purchases of the
commodity, E(d1Q,).

The equilibrium futures price, p', is a linear function of the conditional expectation of the
spot price. In general, this equilibrium futures price is not a sufficient statistic for the spot price,
which means that the equilibrium futures price is not equal to the expectation of the spot price, i.e.,
ph# E(5;1Q,). The reason is that the randomness of the commodity residual demand, 4, serves as
an additional source of uncertainty. In this situation, the risk premium is greater than zero and
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Proposition 2. Each producer’s demand for futures at t=1 s

Voo o _EYEGIDN) v gu 5!

a
TR ] 1 »

HY Wy "E@ 1)) ¥ Lwpw

k
Where Q= (2 LY 4 p}) ,and 4 Y.BY DV are given in Appendix B.
/=1

The demand of the hedger who is not g producer for futures at t=1is

o - Lo, EMEEIQ)Q) 4" @% .,
L .

= P O pll

H hr ’ hrvgr hr(E(ﬁ'Bs’QZ) ,QI) r hr r h?‘D hr

k
where Q= QO m

Jhr
J=1

Each speculator’s demand for futures att=] is

o @i, - ),
r ‘var ’(E(p'3 {Qz) IQI)

Sy p),and 47 g ", D™ are given in Appendix B,

of trading.

Moreover, the equilibrium price is
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where

In general, the futures price can not be a sufficient statistic for the spot price after the
analysts’ forecasts are released, even though the residual demand is assumed as non-random. The
reason is that traders have varied expectations of the spot price. Traders receive the same
analysts’forecasts, but they use these forecasts in the different ways, generating their own forecasts.
Based on their own forecasts, they have their own expectations of supply. These expectations of
supply directly transfer to the expectations of the spot price. If traders use the analysts’ forecasts in
a similar manner, then they have the same expectations of the spot price. In this case, the futures
price is a sufficient statistic for the spot price and risk premium will be zero, and there is no
speculation in the futures market. These results are consistent with the results in Bray (1986). If
there is one source of uncertainty about which traders have information and if they also have the
same expectations, the futures price is a sufficient statistic for the spot price. When there are two
sources of uncertainty and traders have no information on the one of two sources, the futures price
is not a sufficient statistic.

The Linkage Between Trader’s Beliefs and Forecast Information

From last section, we obtain the relationship between futures prices and traders’ beliefs about
the spot price when the analysts’ forecasts are released and the USDA report is released. To
investigate the price reaction to the USDA report, we have to link traders’ beliefs to forecast
information.

The studies that examine market reactions to the USDA reports follow the market efficiency
hypothesis that price will respond only to unanticipated information contained in the USDA reports.
There is a tradition of using the average of existing forecasts as market/traders’ beliefs or the
difference between the average of existing forecasts and the USDA forecast as unanticipated
information contained in the USDA reports. See, for example, Falk and Orazem (1985), Grunewald,
McNulty, and Biere (1993), Colling, Irwin, and Zulauf (1994), and Garcia, Irwin, Leuthold, and
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qual to zero except when the USDA estimates are equal to the mean of the
USDA estimates, Le., y=y.
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that the USDA estimates and the analysts® forecasts are released can be

calculated and are given as
follow, respectively: :

. E e
E'(ﬁ;gSle) - ?a _E (slyu)

EGEQ)Q - X % s % E""lfk" i =hfh
E (E(p, | z)l Y = 7 b(o, +0,) b(o, +0) (67 < ﬁf}): i=hf,hr,s.

Finally, price changes at the time the USDA estimates are released are given by

k A koo
O koI kT, + (0,40)) kF
E A; 7= J=1 J=1

1=hfhr
" 0,+0;+0, +Z ki 0.
~f_~f _ s 7=1 .
PP = ( =l il
b, +0, T o
3
i=hf.hr

It is difficult to measure how traders use the analysts’ forecasts. To implement the price
reaction function, we simplify the model by assuming that all traders weigh the analysts’ forecasts
equally, i.e., k, =k“"'=E for j#q. Hence, the expectation of the USDA estimates at time 1 for all

traders is
1 ¢ 1= A
g k. Cr=Y 0, =) F + @0yl Y F
-1 P K?j=1 K3 K
EG |- Y = -
K ;5 1
(os+og+oﬁ)+—2-): o,

J=1

With this simplification, we can obtain the following price reaction function:

ﬁzf—p'zf =9, 4 ®, (surprise),

where
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the previous studies, if the variation of common noise and the dispersion are not very small’, then
the previous empirical studies of price reaction to the USDA report always underestimate the
unanticipated information (surprise) contained in the USDA report. The reason is that the weighted
average of the analysts’ forecasts in the our theoretical model is always less than the average of
analysts’ forecasts used in the previous empirical studies, i.e.,

This underestimated unanticipated information contained in the USDA report could generate a
measurement error, and either underestimate or overestimate the effect of the USDA report on the
price movements. vl :

Overall, the theoretical price reaction function has important empirical implications for
market reaction to public information: (1) it suggests that previous studies of price reaction to the
USDA report would underestimate the unanticipated information in the USDA report if the
dispersion among the analysts’ forecasts is not very small, therefore, the effect of the USDA report
on the price movements could be either underestimated or overestimated; (2) it provides an explicit
regression specification for testing market reaction to the USDA report.

Conclusion

In this paper, theoretical reaction of commodity futures prices to the USDA Cold Storage
Reports in a two-period rational expectations equilibrium model of pork bellies futures markets is
studied. The analysis provides the relation between price reaction to the USDA estimates in Cold
Storage reports and the relation between forecasts and trader’s beliefs.

There are three contributions of this study. First, it provides an explicit characterization of
trader uncertainty when the analysts’ forecasts of pork bellies inventories are provided prior to the
USDA estimates. This increases our understanding of how commodity futures markets react to the
release of new information from government agencies. Second, it demonstrates the possible
measurement error in the empirical studies of price reaction to the USDA reports. The measurement
error is the use of the forecast or the average of forecasts as proxy for trader's belief/market
expectation. Third, it provides insight into information structure of commodity futures markets.

 Colling, Irwin, and Zulauf (1994) show that the mean analysts’ forecasts are generally
unbiased. But there is no empirical evidence on the variation and dispersion among the analysts’s
forecasts.
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Appendix A
Equilibrium futures demand and price after the USDA announcement.

A.1 Calculation of traders’ futures demand
The objective for the producers is to find x", which

Maximize V;lJr = Max E[-exp(-r" w ”f)mz],

where

- " it h s - h TR
W = g5+ (5] -px) +@, e, and Q, = G, B).

: There are two random variables, G and ;. -‘Assume that the joint distribution of q and p’; is
bivariate normal. So, E"(q, p%; |Q ,)) = (E"(q |Q,), E"(§%|Q ,)) and
var (G|Q)  cov ™4, B, |Q,)

Var "(4, p; |Q,) = - =X,
cov ™y, 5;|Q,) var "(5,|Q,)

where Var " (g, §, |Q ,) is positive semi-definite (see Anderson 1958, p.29). Although all random
variables are normal, the product of g and p, is not normal, indicating that V"', does not have a
standard moment generating function. In this case,

[ exp(-2)dq dpy
o S,

g,y = -2n|11i’/2f"':
P3

where

z = ri¥m¥ + %(q"—E MRy, By -E ;NI G-E MGy, By -E 5 |Q)

Rearranging the above equation, we obtain:

7= deldy +85°
2

where x=(G-E"(q |Q,), p%-E"(H%IQ))).
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var "f(p';sz)
var ¥ ';

Q)var 41Q)) -coy a5, 10,
A =

“cov Mg, |Q,)

var hf(p‘;fﬂz)var "f(gﬂﬁz)—cov ”f(g‘r',ﬁ;le)z

+r hf
—cov “f(é,ﬁ;]Qz) - var h,r(ﬂgz)
+r
var ”f(ﬁ;JQz)var "f(q"fﬂz) ~cov M

var Y65 1Q,)var M71Q,) o a5,

2

9751,

. br= rhf(Ehf(q |Q 2)s Ehfmsslez)"‘thz)s
c=p" (E" (q ,Q:z)Ehf(ﬁSﬂQz)‘ﬁssXh2+@2'13f1) thi‘

If A is positive definite, V' jg finite. Thuys,

A ~|H1”2det{A|‘”2exp(2ib A7y,

Therefore, V¥ _ jg maximized when % p’ A-! b-cis minimized, that is, when
2

ab'f)'A _lb = ac
3,

B
ze

(

Solve this equation and obtain

W [1+r Wegy #

(.5, Q)1 (r

"N2yar "’f(q" {92)1’0" hf@sslgz) o

s p2
¥ Yvar W 9, JQz)

1+r Weoy "f(q",ﬁ;!QZ)
+
e NS ool i ]

r "vay ”f(ﬁ;le)

EYE10) - eMg)0) |

Since we assume that D(p %) = 3. bp *, and H™ 4 . We can simplify the above €quation and obtain
w_ _ E, 1 2 r'y

X = -2 . e ——
HY h,

= L ), 57
¥ “var hf(p”;lﬂz) HY (H "y?

/P

+ (——__I._______b_ Ehf(ﬁ;lgz) .

) hf
r Mar hf(pS !Qz) H

Similarly, the demands of Processors or stockholders for the futures are
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[1-r eov "(d 5" | Q)12 ~(r "Yvar "(d|Qvar (51Q)
e - Py

r "var h'(p“; | Qz)

1-r"cov "(dp,’|Q,)

¥ E hr(p..;[Qz) + E hr(‘ﬂQz)

r "var ’”’(ﬁ; | Qz)

= £, - ( . +2b—rhrV" 57
hr hr Wrypo S hr hn2" 2
H r "var (P, [Qz) H™ (H")
1 b AT
+ ( +—) EMp19Q,) .

r "var "5, Q) H h

Speculator's demand for the futures at t=2 is

. E@|Q)-p]
x2 =

r*var *(py |Q)

A.2 Calculation of equilibrium price

We assume the futures market clears: H" x", + H"rx™, + S x*, =0 . Based on this condition,
we obtain

H'E '(ﬁ;f[Qz) i=hf, hr, s

i i
, T S - T var@p! = ¥

rvar (5, |Q.) H r 'Var (5, |Q
3 My , 3 134,

In period 2, the only information traders receive is the report of the USDA estimates.
Therefore, it is reasonable to assume that traders have the same expectations and variations of the
spot price at time 3. Hence, the equilibrium futures price is

SF A

B; = — E@;1Q) |
A - AV var(py |Q)
where
hf hr hf hr
A = (H +H +£)’ A] = (H_+H ).
r hf r hr rs r hf r hr
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Appendix B

Using the same procedure as in appendix A, we obtain the futures demand for traders at t=1,
where

A e . var j(ﬁ;lgl) _ 4r g

var (E@y |Q)|Q)var (B, 1Q,)|Q)) -var '(5,']Q,)) H'

B = 1 L 2r ‘b0
var l'(E(‘;B';[QzlQl)—var JA(p”;lQl) H'

, and

Bl s o 1 _ 2r'pB
var r'(E(ﬁ;le'Ql)_var r'(p-.BSIQI) H'

where i =hf, hr. Fori=hf, 6 =1 and for i =hr,0 =-1.
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