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Abstract

This paper examines the impact of captive market supply on cash market price in the U.S. cattle
procurement market with consideration of dynamic interactions between captive and cash markets.
Both conceptual and empirical analyses explore advantages of dynamic models over static models
by focusing on the temporal change in the ratio of captive purchase to packers' total procurement
and discount factor. Empirical models were estimated using the Kalman filter procedure with three
alternative cost functions: generalized Leontief, translog, and quadratic functions. Dynamic
estimation results found a statistically significant and negative relationship between captive market
quantity and cash market prices from all functional forms of cost function. However, results of static
models showed that the captive market quantity — cash market price relationship was sensitive to
functional forms of cost function. Findings from our empirical analysis suggest that dynamic models
could be more appropriate than static models in examining the impact of captive supply on cash
price in the cattle procurement market.
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1. Introduction

There are two major cattle purchase methods for beef processors to acquire cattle in
the U.S. cattle market. One is cash market purchase, and the other is captive supply. The
cash market supply is a traditional type of cattle purchase and represented a major part
of the fed cattle market over past decades. The cattle buyer inspects cattle at feed-yard
and suggests price bids with negotiation based on a live weight basis. Procured cattle are
usually delivered to processor plant within one week of purchase contracts. Captive
supply includes forward contracts, marketing agreements, and packer-feeding (Schoreter
and Azzam 2003). Cash market purchases include auction sales, sales through dealers and
brokers, and direct trade through negotiation between a producer and a packer. Forward
contract agreement is a way for producers and packers to price cattle ahead of an
expected sale date to reduce price risk. Many producers use a basis forward contracting,
where packers provide basis bid at producers’ requests. The producers decide when to
price the cattle prior to delivery of cattle to the packer. Delivery timing is determined by
the agreement between packer and producer. Cattle quality is specified in the contract,
and premiums and discounts are determined based on the specification after delivery.
For the marketing agreements, a feeder and a packer agree on a specified number of
cattle for some specified time period, and price is typically determined as a base price
plus premiums and discounts calculated based on cattle quality. Packer-feeding cattle
typically transferred to the packing plant directly from a packer-owned feedlot when
cattle need to be harvested.

Recently as the proportion of captive cattle supplies greatly increased from 42.9% in
2003 to 82.2% in 2019 in the U.S. cattle procurement market (USDA-GIPSA), many
researchers and cattle producers have been concerned about the impact of captive
supplies on fed cattle prices, particularly, cash prices. For many years, cattle producers
have argued that packers’ captive cattle supply harms the fed cattle industry by reducing
cash prices. They claim that as beef packers procure increased proportion of cattle from
the captive supply market, their cattle demand from the cash market decreases and as a
result, the cash price decreases. In other words, beef packers use captive supply as a tool
to lower cash price and as a result, cattle producer’s profit is decreased. This problem has

intensified as the captive supply ratio increases (Zhang and Sexton 2000; Crespi, Saitone
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and Sexton 2012). As the cash price is used as the basis for captive supply market prices
under the current price discovery system, the lower cash price would lead to lower overall
cattle price, and the cash market will be further shrunk and thinned. The cash market is
already thin, and in some regions, the cash trade is less than 10 percent, which is not
significant enough to provide an accurate base price for fed cattle.

The Cattle Price Discovery and Transparency Act recently proposed by the U.S.
Congress also recognizes the importance of studying the impact of captive supply on cash
prices. The proposed Act requires packers to establish minimum levels of fed cattle
purchases through approved pricing mechanisms such as cash market and would
penalize any large packer (i.e. any packer that has slaughtered five percent or more of
cattle nationally in the past five years) that did not abide (Henderson 2022). The purpose
of the Act is, in general, to limit large packers’ potential market power exertion through
the captive market, which can lower overall fed cattle prices.

The interaction between captive and cash markets can be represented by the ratio of
captive market purchase to total procurement. Figure 1 shows change in ratios of captive
supply and cash market purchase from 2003 to 2019. The ratio of captive market
purchase increased year by year, while the ratio of cash market purchase continuously
decreased. Specifically, the ratio of captive supply increased from 42.9% in 2003 to
82.2%, while the corresponding cash market supply decreased from 58.1% to 17.8% in
2019.

Figure 1. Ratio of Captive and Cash Market Purchases
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Source: National Direct Slaughter Cattle Reports. USDA.
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Prior studies suggest that when the extent of reduced demand in cash market is greater
than supply decrease, the cash price decreases (Azzam 1998; Love and Burton 1999;
Schroeter and Azzam 1999; Zhang and Sexton 2000). Other studies claim that the
relationship between captive supply and cash prices should be neutral, as curtailed
packer demand in cash market keeps in balance with its diminished supply (U.S. General
Accounting Office 1987; USDA-AMS 1996). For example, a USDA report states that “If 20%
of the demand of fed cattle is removed, so is 20% of the supply, then, the net effect on the
market is zero” (USDA-AMS 1996, p.30). Overall, the relationship between captive supply
and cash market prices has not been clearly determined in the literature.?

Many previous studies in the literature might have reached the inconclusive ambiguous
results because the results are mostly based on static models that do not consider
dynamic interactions between captive and cash supplies. However, in reality, beef
packers are likely to determine their cattle procurement quantity from captive market
first and then fill their need from cash market. Therefore, the cattle procurement from
cash market is likely to be affected by the choice of captive market quantity. This
dynamic process should be repeated consecutively, which is very similar to ‘repeated
game’ in dynamic analysis. Therefore, so-called “new empirical industrial organization
(NEIO)” static framework used in earlier studies is not appropriate to simulate dynamic
interactions between beef processors and rival firm'’s reaction to each other’s quantity or
price strategies (Dockner 1992).

Corts (1999) points out that if firm's optimization process has dynamics, estimates of
market power parameters are sensitive to discount factor and persistency of demand.
Therefore, a static model is useful only if firms can modify their strategies
instantaneously. However, firms cannot change input quantities that they process rapidly
without cost and therefore need large modification costs for their inventory, capital
input, and production (Karp and Perloff 1993a, 1993b; Slade 1995). Demand and supply
shifts caused by captive supply are not explicit in static models as interactions between
captive and cash markets continue through multi-periods. Therefore, the static model is
difficult to capture shifts of demand and supply in cash market induced by captive supply
change (Azzam 1998; Katchova, Sheldon and Miranda 2005; Kutu and Sickles 2012).

Among three ways of captive supply, i.e., marketing agreement, forward contract, and

1) Findings from previous studies are summarized in Appendix A.
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packer-owned cattle, in 2019 (Livestock Monitor of LMIC), marketing agreement and
forward contract have reached 74.9% and 7.3% of packers total captive supply
procurement. The cattle price from marketing agreements is calculated by base price
plus premium or discount from yield grade, quality grade and carcass weight range. The
base price is decided by cash market price paid the week before delivery of the cattle
procured from marketing agreement. Cattle delivery takes usually one week. However, it
can take more days than one week in some cases.? Therefore, the cattle price from
marketing agreement can be tied up to one- or two-week prior cash market price. In case
of forward contract supply, delivery of exact cattle heads in the designated month is
determined with a specified price ahead of an expected sale date. The forward contract
allows packers (buyers) to reduce price risk by locking in a price ahead of the expected
sale date (Ward, Koontz and Schroeder 1996).

Our study estimates the impact of captive supply on cash price in the U.S. cattle
procurement market using a dynamic modelling approach. First, a conceptual illustration
is provided to show that captive supply could either negatively or positively affect cash
prices depending upon the discount factor and the proportion of packers beef
procurement through captive supply market. Then, an empirical dynamic model is
developed to incorporate multi-period interactions between captive and cash market
supplies and is estimated using the Kalman filter estimation procedure.

In the next section, we provide a brief literature review on the relationship between
captive supply and cash prices in the U.S. beef industry. The following section provides
conceptual discussions on the importance of using dynamic models for the analysis of the
impact of captive supply and cash prices. Then, development of empirical models and
estimation results are discussed. The final section presents a brief summary of findings

and conclusions of this study.

2. Literature Review and Data

There are a limited number of studies in the literature that discuss the impact of captive

supply on cash prices in the U.S. cattle procurement market. A few studies find a negative

2) The average delivery date is 6.98 and the standard deviation is 3.28 (Schroeter and Azzam 2004).
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relationship between captive supply and cash prices, but no causal link is examined in
these studies (Hayenga and O’Brien 1990, 1991; Elam 1992; Schroeder et al. 1993). Azzam
(1998) uses an equilibrium displacement model and finds that captive supply causes a
negative effect on cash market price. Love and Burton (1999) argue that a superior
downstream firm has an incentive to integrate upstream firms to increase the efficiency
of its procurement market, which could affect the open market price. Burton’s study
points out that the open market price can increase or decrease depending on the effect
of integration on the supply elasticity of cattle. Zhang and Sexton (2000) consider high
transportation cost as an important key factor in the cattle procurement market and
conduct a spatial analysis using a non-cooperative game approach. The study suggests
that the captive supply provides geographic buffers that reduce competition among
packers but is less effective in reducing packers’ competition in markets where the
spatial dimension is less important.

Some studies suggest a neutral relationship between captive supply and cash prices, but
causal link is not analyzed in these studies (e.g., U.S. General Accounting Office 1987;
USDA-AMS 1996). The other studies show incoherent relationship depending on type of
captive procurement (Ward, Koontz and Schroeder 1998; Schroeter and Azzam 2004) or
model form (Wohlgenant 2013). Ward, Koontz and Schroeder (1998) examine the
interdependent nature between pre-committed captive supplies and fed cattle prices
from the cash market and find a negative relationship with marketing agreement and
packer-fed, on the other side, a positive relation with forward contract. Schroeter and
Azzam (2004) claim that the delivery timing incentive is a crucial point in explaining the
captive supply-cash price relationship, and also find a negative relationship between
quantities of captive deliveries and cash market prices using marketing agreement.
However, their model shows an insignificant relationship if the forward market contract
is considered.

Most previous studies on captive supplies in the beef packing industry have employed
either the structure-conduct-performance paradigm or various econometric structural
models associated with the NEIO. Both approaches have faced challenges representing
dynamic interactions between captive supplies and cash prices. The empirical findings
about impacts of captive supplies on cash prices are not consistent in the literature.

Weekly cattle procurement price and quantity from captive and cash markets and
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wholesale beef price are obtained from the Livestock Marketing Information Center from
the 1st week of 2003 to 52nd week of 2019 (Livestock Monitor of LMIC). Descriptive
statistics of key variables are reported in Table 1. The average cattle procurement from
captive supply market per week is 170 million lbs. and has 59.4% of total cattle
procurement. The average cash market procurement is 117 million pounds, which is
40.6% of total cattle procurement for the study. Average cattle prices of captive and cash
markets are $173.2/cwt and $172.2/cwt, respectively. Average wholesale beef price is

$180.8/cwt.

Table 1. Descriptive Statistics of Key Variables

Unit Mean St.Dev Maximum Minimum
Captive Supply Procurement 1,0001bs 170,431 45,207 293,100 21,417
Cash Market Procurement 1,0001bs 116,664 47,727 265,239 26,682
Captive Supply Price $/cwt 173.2 36.2 266.9 114.7
Cash Market Price $/cwt 172.2 36.6 270.8 117.3
Wholesale Beef Price $/cwt 180.8 36.5 263.2 121.7

3. Conceptual Discussion

An analytical illustration is provided in this section to demonstrate the importance of
considering dynamic interactions between captive and cash markets. The illustration
focuses on the role of dynamic factors such as expectations of discount factor and the
ratio of captive market purchase to total cattle purchase. The captive supply ratio has
increased over time, while cattle procurement from cash market has been increasingly
affected by the expanded captive market. The interaction between captive and cash
markets, represented by the ratio of captive purchase, is an important component of
repeated games over time in the dynamic model. In addition, the firm’s decision-making
process for the multi-period is represented by a packer’s maximization problem of the
current and discounted expected future profit for each period.

Our conceptual framework draws on Allaz and Vila (1993) and Adilov (2010). For the
purpose of illustration, only two period models are constructed in this study to analyze

the interactions between captive and cash markets.? It is assumed that all processors can

3) Our conceptual illustration here is limited to periods of ¢ and ¢+ 1. However, the empirical model is constructed
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participate in captive market, but processors buy only a proportion of their cattle
procurement from the captive supply market. In this framework, change in a beef
processor's captive supply affects a rival processor’s strategy in cash market depending
upon the ratio of captive market purchase (r) out of total cattle procurement and
discount factor (9).

Suppose that a closed form of demand function at time ¢ is @=a- 7 (a ) 0) and a is
intercept of demand function. Here, for simplification, a linear demand function is
assumed following Allaz and Villa (1993) and Adilov (2010).

A processor purchases only proportion (r) of its cattle procurement from the captive

market. Then the captive market demand is given by:

Qca]nt = T(a’ - P(:ap., t) (1)

where Q. and P.,p: are quantity-demanded and price in captive supply market at
week t, respectively.

Then, the inverse residual demand function in cash market is:

Pcash.,t =a— Q(:ash.t - T(ai Pcap.,t) (2)

where Q.usn,: and P..sn: are quantity-demanded and price in cash market at week t.

The marketing agreement price is used as captive market price because the cattle
purchase quantity through marketing agreement is almost 90% of captive market. The
base price of marketing management is decided by cash market prices paid the week
before the delivery of the cattle procured in marketing agreement. In most cases, the
delivery takes usually one week for marketing agreement.?

Therefore, the captive market price (£.,.+) usually ties with the previous week’s cash
market price and we assume Puyp.i+1 = Puasn,e for simplicity (Schroeter and Azzam 2004).
It is also assumed that the processor incurs only fixed cost (¢;) with zero marginal cost
following Adilov (2010). Then, the processor decides captive and cash supplies in current
period ¢ maximize its discounted stream of profit in the optimization problem. In this

case, the profit function of processor i at week ¢ is:
i bee f 7 bee f q i
T = Ma$<Pt — Pcap.,t)'q(:ap.t + (Pf /- Pcash.t)'qcash,t Y + 57Tt+1v (3)

as a recursive model.

4 The average delivery date is 6.98 and the standard deviation is 3.28 (Schroeter and Azzam 2004).
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s.t. P(:(LSILJ =a— Q{:ash.t - r(a— Pcapﬁt) and Pcap.t + 1= P(:ash.t,

where P/ is beef price received by the processor, § is discount factor, 0 < 6 < 1, qf;(,,p,t is
processor i s cattle procurement quantity from captive market at time ¢, quash,t is cattle
procurement quantity from cash market, and ¢ is fixed cost of processor i at time ¢.

A two-step process is involved in solution formation. In step 1, beef processor i
chooses captive market quantity (., ), and captive market price (£.,.;) is determined. In
step 2, the beef processor chooses its cash market quantity (¢.,,;.,), and cash market price
(Puusn.t), and as a result, the processor’s profit is also determined.

Profit maximizing prices of captive and cash markets can be derived from the first

order condition of equation (3). Then, assuming the steady state price solution, i.e.,

P{:a,sh,,t = P{:a,p,t fOI‘ aH t, we ObtaiHS)
P _p alrPB—2rs+r—1)— oplheet @
costt = T copt r5—2r6+r—3 '

The corresponding demand quantities from captive and cash markets are:

2<Pt}’“f— a)r

) | ®)

Qeap r25—2rf+r—3

0 - 2(Pre/—a)(1—r) ©)
cash 7"257 218 +r—3 ’

When v =0, equations (4) — (6) become the Cournot-Nash equilibrium solution without
considering captive supply.

The cash price without considering captive market is equal to price under Cournot
equilibrium (Adilov 2010) and can be labeled as P.urnor. Then, Peowrnot is derived from

equation (4) by setting r=0 as follows:

Py = ~(at+2P7). (7)

cournot 3

To see the effect of packers’ captive supply on the steady state cash price in the cattle
procurement market, we calculate the price difference between the cash price, Psn,t, of

equation (4) and the price without considering captive supply, Peournot of equation (7), as

5) Detailed derivation is presented in Appendix B.
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follows:

2r(a— Ptb“f){l +(r—2)6}
Pcash,t - Pcournot = 2 . (8)
3(7" 6—2r5+r—3)

If the equation (8) is negative, we can conclude that there exists the price-reducing
effect of captive supply on cash price, while the positive equation (8) would imply that
captive supply increases cash price. Equation (8) shows that the sign of the equation is
dictated by captive supply purchase ratio (r), discount factor (§) and sign of a— P/,
Figures 2 and 3 show the sign of equation (8) as 6 and r change under assumptions of

a_Ptbeef > 0 and a_Ptbeef <0

Figure 2. Comparison of Prss and Proumoras & and rChange under a-P%') 0
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In Figure 2 under the assumption of a— P*/ ) 0, equation (8) is always negative when 0

<6<0.5 with the full range of . However, when 0.5(6<1, equation (8) becomes less likely

to be negative as r increases. Figure 3 shows an opposite result due to the change in sign
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of a— P/**/. Equation (8) and figures 2 and 3 clearly illustrate the possibility of the mixed
results on the relationship between captive supply and cash price from previous studies.
The illustration also indicates that static models may not be well suited to analyze the
dynamic relationship between captive supply and cash price in the cattle procurement
market.

Our study estimates a dynamic model consecutively to incorporate packers changing
behavior of optimization over time using the Kalman filter procedure (Kalman 1960). The
Kalman filtering is an efficient recursive estimation procedure that combines a series of
measurements using a joint probability distribution of the variables over time; adjusting
and updating are done by comparing measurement values with predicted values (Rhudy,

Salguero and Holappa 2017).

4. Derivation of Empirical Dynamic Model

A generalized Leontief cost function® of beef packing firm i for week ¢ is written as:
¢ = Qizzkjﬁj,k(f’j,tpk,t>o'5, 9)
%

where 0;,; represent parameters of cost function j, k=cap, cash indicates captive and cash
markets, ¢’ is processor i's total cattle procurement from captive and cash markets, i.e.,

Q/=d.,+d.,. Then, a profit function of processor i at time ¢ is given by:
i bee i ) ) i i 0.5
T = Pt f(qcap,t + q(;ash.,t)_ Pcap.,tqcap.t - P{:ash,tqcash,t - qtz;ﬂj,k’(Pj,th.t) . (10)
%

From the first order condition of maximizing equation (10) with respect to ¢, ,, we have:?)
P>

P g )
. _ cap,tdcap,t 0.5
marglncup,l - 92 un Q +)‘qinsh,t - {Bmp., camep‘l +2Baup.,cash(Paup.,LPmsh,L) +/Hmsh,mshpmsh,L} ’ (1 1)
cap,t

where margin,, = P/~ P,,, , is packer i’s margin from the captive supply market,

anap,t

od =0, is packer i's market conduct parameter in the captive supply market,
q(;ap.t

6) The cost function used in this study is a simplified form of the generalized Leontief function.

7) The detailed derivation of equation (11) is presented in Appendix C.
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Ohcupt Doyt _ n, is the inverse price elasticity for captive supply OPoustt_ Meant Oleaps
=1 , = =
0 Q(:a,p,t P cap,t 0 Q(:a,p,t 6P cap,t 0 Q{:a,p,t

represents the relationship between captive supply and cash market price.
For an industry level analysis, equation (11) is summed over N firms and divided by &~

after imposing a symmetry assumption, 6'=6 (for all i), which gives us:

. 0 5
marglnmp,t = Tv(npcap,t + /\Qms]m )7 {/jcup‘ mppcup‘t + 2ﬂoap.,msh(Pcap,tPcash,t)& + ﬁcush,cashpcash,t} . (1 2)

Following Kutlu and Sickles (2012), we incorporate a dynamic parameter, y, in our
empirical model. Assuming that the dynamic factor is linearly correlated with captive

market shock (ds.,,:) and cash market shock (ds..,1) leads to:

e = Hy + ,UJstcap.t + /U‘Sdscash,t’ (13)

where captive and cash market shocks are defined as:

ds _ Q{:a,p,t mean Q{:a,p,t ) * ds o Q{:(LSILJ mean( Q{:(},s h,t )
cap,t - ’ cash,t — - .
“r Qcap.,t+ 1 Qcap,t+1 ot Qcash,t+1 Qcash.,t+ 1
Combining equations (12) and (13) gives:
. 0 05 .
ma’rgznmp}t = W(npmp,t +A Q{‘ash,f, )_ {/Bmp, m,pf)mp,f, + QB(*apfash(Pmpf,f)m,sh«,t) °+ /Bm,sh«,(‘a,shf)msh}t}+ Hy . (14)

Equation (14) is similar to traditional NEIO models equation (12) except the dynamic

parameter, . The processor plays a static game if j; is zero for each time period in the

equation. However, in the dynamic setting with non-zero p;, processors can play

repeated games consecutively, and A is expected to be statistically significant as long as
dynamic interactions exist between captive supply and cash price. Our study allows the
varying nature of the relationship between captive supply and cash price, represented by
A over time. We construct the time-varying state, 1 whose evolution is generated by AR(1)
process following Kutlu and Sickles (2012). Then, observation equation (14) becomes as

equation (15) and state equation is as (16):

. 0, 0 .
ma’rgzncap,t = TPcap.,t, - atﬁ Qcash.,t + /\tﬁ Q(:ash.t - 260(110.(:ash(Pcap.,tPcash,t>Ow (15)

- ﬂcash,(zashpcash,t + Hq + :[I“stc,t + NSdSs,t + €4

Qpq = pay vy (16)
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0

where 7= N7~ Beap.can’ A= E[At], and a; = At-A, p is a transition parameter, ¢ and ¥ are

standard error terms with &t ~N(0,1), v ~N(O, 1).

cash,t

50, reflects the relationship between captive supply and cash
cap,t

In equation (15), A=

market price. If the captive market quantity increases and the cash price decreases, A will
have a negative sign. The negative and significant A indicates that cash market price
decreases as beef packers increase captive supply, which is consistent with our
discussion in figures 2 and 3. If A is positive and significant or A is insignificant, the
empirical result should be inconsistent with findings from figures 2 and 3. Equations (15)
and (16) reflect a dynamic interaction between captive and cash markets.

Equations (15) and (16) are a measurement equation and a transition equation,
respectively, and are estimated using a Kalman filter procedure. The Kalman filter
procedure used in this study has a two-step calculation process of prediction and
updating. In the prediction stage, estimates of parameters from (15) are calculated using
given information from a based period. After margin,,,, is predicted from the prediction
stage, the prediction error can be calculated by comparing the predicted value and
observed values in the updating process. Then using the calculated prediction error,
stated parameters in (15) are recursively modified. The Kalman filter procedure allows
one to estimate the dynamic linear model specified in (15) and (16), which reflect the
dynamic interaction between captive market volume at time ¢ and cash market price at
time t+1.

The static form of equation (15) without dynamic consideration is:

0

. 0.5
margwn 7_P(‘ap,t + )‘W Qcash,,t - 2ﬂcap,cash,(P(‘ap,tPcash.t) - Bcash,cashpcash.t . (17)

cap,t =

Both dynamic and static equations, (15) and (16), are estimated for the purpose of
comparison in this study. For a sensitivity analysis, we also estimate the models with two

other functional forms of cost function: trans-log and quadratic cost functions.®

8) Derivation of empirical models with trans-log and quadratic cost functions is presented in Appendix D and E.



Impact of Captive Supply on Cash Price in the U.S. Cattle Procurement Market: A Dynamic Modeling Approach 41

5. Estimation Results

Equations (15) and (16) are estimated using the Kalman filter procedure. The Kalman
filter model typically includes two component equations: 1) observation equation and 2)
state transition equation. The relationship between Y; and «: is modeled in the
observation equation, and the relationship between #; and o, is represented in the

state transition model as:

Y, =a,te,e ~ (O,H), (18)
at+1:at+utaut”N(OvQ)§ al”N(@17P1) (19

where & and wu; are noise terms of observation equation and state equation and
independent mutually, @, is initial state value and its mean and variance are a; and 7.
Consider @;+1=Fla; 41| Y;], which means that ;1 is the prediction of @;+; conditional
on Y; at time t and 7+ 1=var[a;+1 | Yi]is the conditional variance of @;+ ;. The one step
ahead forecast error, v; is calculated as vy = y; —a; and its variance, var(v¢)=F} is one of
components to calculate the Kalman gain. Given @ and £, a,+1 and #;+1 can be

calculated as follows:

o, = oy + Ky, (20)
Pt+1:Pt(1_](f,)+Q,. (21)

where K, = P,/F, and defined as Kalman gain, @ is process noise covariance matrix.
Then, @; can be predicted by Y;-1, and a; (prediction value of @;) can be updated by
using additional information, Y with equations (18) and (19). The a;+: (prediction value
of a;;1) has the same value with @, at time t(ay; = Ela, | Y;]). Therefore, X; term in the
equation (19) is optimal weight between a; and v,. The new observation is more weighted
if P; (conditional variance of «;) has larger value. In the same way, new observation is not
reliable and has smaller weight if #; (variance of forecasting error) has larger value. The
P, value can be updated by using equation (21) and identical logic can be applied in
equation (21). The system parameters and initial values can be estimated by the
maximum likelihood estimation method (Kutlu and Sickles 2012).

Three alternative cost functions, generalized Leontief, trans-log and quadratic cost
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functions are considered for sensitivity of model. Table 2 presents estimation results from
static and dynamic models with three types of cost functions. The estimate of A is
negative and statistically significant at the 1% level from the dynamic model with all three
types of cost functions. The statistically significant and negative value of A indicates that
the cash market price decreases as captive supply increases, which is consistent with
findings from some of previous studies (Schroeder et al. 1993; Azzam 1998; Love and
Burton 1999; Schroeter and Azzam 1999; Zhang and Sexton 2000; Schroeter and Azzam
2003; Schroeter and Azzam 2004; Wohlgenant 2013). The estimate of A9 ranges from
-0.0007 to -0.0009, which implies that as captive market quantity increases by one

thousand pounds, cash price decreases by $0.0007/cwt to $0.0009/cwt.

Table 2. Estimates from Dynamic and Static Models with Alternative Cost Functions

Generalized Leontief Cost Function Trans—log Cost Function Quadratic Cost Function
Dynamic Model | Static Model | Dynamic Model | Static Model | Dynamic Model | Static Model
T 0.6670™** 3.5092*** -4.0700™** 2.9211%** 0.5260™** 0.3883™**
A -0.0007*** 0.0002*** -0.0008™** -0.0003*** -0.0009*** -0.0007***
Beap.cash -0.4830 -2.2255%*
Beash,cash 0.2810 2.6405™*
B, -4.4400* 6.7263%**

Beap.q 1.5700™* 0.4468"**

Beash.q -2.0900*** 0.4913%** -0.1700 0.4318™**
B, 0.9710%** -0.8543*** 0.0007*** 0.0009***
Hy 321.00%** 240.00™** 176.000%**

Ho -12.500* -22.900™** -24.800™**
I 35.000%** 15.000%** 16.000***

Note: It is assumed that #=0.1, N=20 for simplicity following Azzam (1997).
* e indicate significant at the 10%, 5% and 1% level.

Estimates of #» and p3, from the dynamic parameter specification are all statistically
significant at least at the 10% level, regardless of types of cost function. The statistically
significant estimates of dynamic factors show the importance of using dynamic models
over static models. Overall, estimates of A1 from static models are also statistically
significant at the 1% level. However, the static model with the generalized Leontief cost
function estimates a positive coefficient for A. Positive relations were also estimated by
Hayenga and O'Brien (1990), Schroeder et al. (1993), and Ward, Koontz and Schroeder
(1998).

9 A, is a time varying parameter and A is the mean of A, as indicated in equation (15) (A = E[AJ]).
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The dynamic model found a negative relationship between captive market quantity and
cash market prices regardless of different types of cost functions. However, results from
static models show that the sign of A estimate is sensitive to assumptions on the
functional form of cost function. Findings from our empirical analysis indicate that
dynamic models could be more appropriate than static models in examining the impact

of captive supply on cash price in the cattle procurement market.

6. Conclusions

In this study, the impact of captive supply on cash price in the U.S. cattle procurement
market is estimated using a dynamic modelling approach. First, the conceptual
illustration showed how packers price-reducing behavior through captive supply
depended upon assumptions on dynamic factors such as expectations of discount factor
and ratio of captive market purchase to cash market procurement. In this illustration,
captive supply could either negatively or positively affect cash prices, depending upon
the discount factor and the proportion of packers’ beef procurement through captive
supply market. Then, our study developed a dynamic model by incorporating
multi-period interactions between captive and cash market supplies, while three
different types of cost functions (generalized Leontief, trans-log, and quadratic cost
function forms) were considered for a sensitivity analysis. Finally, both dynamic and
static models were estimated for the purpose of comparison. The dynamic model was
estimated using the Kalman filter procedure iteratively to address the dynamic
interactions between captive and cash supplies.

Dynamic estimation results found a statistically significant and negative relationship
between captive market quantity and cash market prices regardless of cost function
types. However, results of static models showed that the captive market quantity - cash
market price relationship was sensitive to assumptions on functional forms of cost
function. Findings from our empirical analysis suggest that dynamic models could be
more appropriate than static models in examining the impact of captive supply on cash
price in the cattle procurement market.

Our findings provide important implications to the U.S. cattle market. First, cash price

could be formed at a lower price than it is supposed to be as a majority of cattle
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procurement is obtained through AMA. In particular, this problem could harm
small-scale farms more than large farms as it is difficult for small farms to meet the
proper amount of supply for AMA. Second, overall cattle price received by farmers should
decrease continuously as the cash price is used as the base price for AMA. This is because
when the cash price decreases, the cattle price from AMA should also decrease. Lastly, if
the current cash price continues to decline, cattle quantity traded in cash market is highly
likely to decline as well. In 2019, the ratio of cash market purchases was only 17.8%. If
this ratio continues to fall, the cash price can no longer be able to be used as the base
price.

The Korean Ministry of Agriculture, Food and Rural Affairs has continuously supported
large pork processors to increase efficiency of distribution of pork products. As a result,
large pork processors had about 17% of market share in the Korean pork retail market in
2021. Establishing large processors has some advantages such as product standardization,
reduction of price fluctuations, and securing distribution channels. However, if these
large processors further extend their market share to the higher level, e.g., 80 to 90
percent, in the future, the high concentration of market share could affect the market
negatively, which would hurt both consumers and producers as we can see in the U.S.
beef market. As shown in this paper, large processors and packers could use their market
power to lower producer prices of pigs and beef cattle, leading to lower producer profits.
Market power exertion of large processors and packers could also increase pork and beef
retail prices. Findings from our study could help one to better understand current
problems caused by large packers in the U.S. and could also help establish a better

Korean packer system.
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Appendix

A. Previous Studies on Relationship between Captive Supply and Spot Market Price

Data

Relationship between captive

Sy Pt Period g Vit supply and spot market price
Hayenga and . P (Colorado)
1 O’Brien (1990) Beef processing N (Texas)
Hayenga and . _ . N (Kansas)
2 O’Brien (1991) Daily, State | 1973-89 | Beef processing I (Colorado, Texas, Nebraska)
Monthl N (national data, Kansas,
3 Elam (1992) <t teyy 1988-91 | Beef processing | Colorado)
a I (Nebraska, Texas)
4 Ward (1992) Beef processing | I
. N
5 Schroeder et al. Transaction, 1990 Beef processing | P (some packers and time
(1993) Local ¢
periods)
6 Azzam (1998) Beef processing | N
. P (forward contract)
Ward, Koontz and | Transaction, B . .
7 Schroeder (1998) U.s. 1992-93 | Beef processing | N (marketing agreement and
packer-fed)
Love and Burton .
8 (1999) Beef processing | N
Schroeter and Transaction, _ .
9 Azzam (1999) Regional 1995-96 | Beef processing | N
10 Zhang(;(r)l(c)loiexton Beef processing | N
Schroeter and Transaction, _ . .
11 Azzam (2003) Regional 1995-96 | Beef processing | N (small magnitude)
Schroeter and Transaction, ~ . N (marketing agreement)
12 Azzam (2004) Regional 1995-96 | Beef processing I (forward contract)
Wohlgenant Transaction, _ . N
13 (2013) Weekly 2001-05 | Pork processing I (reduced form model)

Note: P and N indicate positive and negative relationship, respectively, and I refers to statistically insignificant

relationship.
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B: Derivation of Equation (4)

ﬂ—i = (Pf,bee'f_ P{:a,p,t) 'qf:u.p.,t + (Pf,beef_ P(:a,sh,.,f,).qia,sh,t + 671—3‘ +1 (B_ ]-)

The first order condition of equation (B-1) can be written as

67‘-; ce i —1q 87Ti+1

i = Ptb - a+ 2Qéash,t + Q(za;h,t + T(a’i Pcap,t)+ 4 i =0 (B_ 2)
aqcashi aq(;ash,t
The equation (B-2) is simplified as!®

b i —i i i —
Pt eef— a + 2qj:ash,t + qca;h,t + r(a— Pcapat)+ 5<qzwpvt+ 1 + r.qza‘Sh"tJr 1)_ 0 (B_ 3)

The other processor —i's first order condition can be calculated in the same way

Ptbeef_ a-+ foﬁsh,t + 2q;agh,,t + r(a— P(:(Lp,t>+ 6<q;a]i3,t+1 + T'q:a;h,w 1)2 0 (B‘ 4)

The equation (B-3) with (B-4) is as follows:

2<Ptbeef_ a>+ 3(qiash,t + qgaih,t)+ 27"(‘1_ Pcap,zs)+ 5<qiap.t+ 1t q;l;,t+ 1)
_ _ (B-5)
+ 5T(qf:(1,sll,,t+ 1 + q(;,ih,t-F 1): 0

The simple equation (B-5) is as follows!! under assumption that analysis is restricted to
steady state price solution, i.e., Lesnt = LPegpr = P for all ¢.
Then, assuming the steady state price solution, i.e., Prusn,t = Peap,: for all ¢, we obtain (6)

as follows:

. . a(rQ,B*QT(H— r— 1)* oplees
Pcash,t = P(:ap,t = 9 ! . (B_ 6)
réd—2v6+r—3
C: Derivation Process of Equation (11)
The equation (11) is as follows:
7Ti = Ptbedf(QZap,t + qiash.,t)i Pcap,tQiap,t - Pcash,tQiash,t - qu;ﬂj,k(f)jwtpk,ty)ﬁ‘ (C—l)
J

f = cef .d beef . i _
10) M1 = <Plbjr] fZap.z+1> qitap,[+] + (E,J:l P(ta.sh.l,+1> ‘fpa_,»)HJrl +57rl+2 and Pcash,f 7Pcap7t Then
L o i p
oMy _ My Ol b
~ P ' =apr+1 T 0Gaant+1
3%(15};,[ cash,t ali’ash,t
) P o B B - B
Y (iash,l +qcash,l - Qcash,t =a Pcash,t T(CL ‘Pmsh.ﬁ_a P T‘(CL P)’
: o e B o K " ! K
oyt 1 o= Bags 1 =0 Py ) 14 P, )= rla= P
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From the first order condition of maximizing equation (C-1) with respect to g.,,;, we

have:

o oP,, oP
b bee cap,t cash,t
i - Pt el — ( i q:ap t + P(ap t qzash

8qi?ap t aqz:ap t qcap t (C_Z)
0.5 —
+ {ﬂcap, cachap.t + 2Bcap.cash(‘Pmp tpcaeh,t) + ﬂcash,cashpcash.t}_ 0
The equation (C-2) can be rewritten as (C-3):
aQ{‘(}'} 8P(’(I’) Q(’H')A P(’(I'). 3 8P(’(19 1, P((I )y .
Pb‘“(’f P(apf Z‘H[,t ( e e ! qz:a,p,t Lot . q::a,sh,t
aqwm 8Qcap.,t Pcap.,t Q(:ap,t 6P(:ap,t 6Qcap,t (C‘3)
0.5
- {ﬁcap.,cappcap,t + 2ﬂcap,cash(Pcap tPcash,t> + ﬁcash,cashPcash,t}
The equation (C-3) can be written as simple form as the equation below:
Poapt i
ma’rgzn(ap t 9(77 Q ' q(;(zp,t + Aq(/:(zshA,t
cap,t (C‘4)
- {60{1]}, cap‘Pcap,t + Qﬂcap,cash(Pcap 7,‘})(:ash,t)0‘5 =+ ﬂcash.cashpcash,t}7
i i aQC(IP~t aP{’a t Q('(L’ t aP{’a«sh t aP{’a}f
where margin.,, , = P*/'—p, , 0 =——— p=—2 " \= 00 !
cart ! cort aqlcap.t anap,t Pcap,t apcap.t anap,t
D: Trans-log Cost Function Approach
Trans-log cost function form is given as:
loge, = By + Z pjlogP;, + 2 2 BilogP;log Py,
j= cap,cash ]— ca}z]} k= cc;p
cash
2 (0-1)
+ 3 BjlogglogP;, +Blogg +5,,(logg,)*.
P eash
where ¢ is firm i’s total cattle procurement.
The price equation with marginal cost function of (D-1) can be written as:
8
margzncap_t - W(ﬂcashpcap t + )‘Qcash.t)
(D-2)

Qt (ﬁq + ﬁ(ap qugP(:u.p.,t + ﬂ(:a,sh,.,qugPr:a,sh,t + 25(1,(110th)‘

Then, the model is as follows:
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. 0 0
marglncapi = atﬁ Q{;ash,t + TP(:(Lp,t + WAf Qcash,,t

(D-3)
C *
+ a(ﬂq + ﬂcap,quchap.,t + Bcash,qIOchash.,t + 26q,q10g Q)+ My s
where 7= iﬁ
N cash *
E: The Quadratic Cost Function Form
_ 1 >
Ci — j:za]w.ﬁjpj,t + ﬁqqqi + B 7_:2(;”) k;;w ﬁjk;Pj,th,f, + ﬁqqqi + 7_:%) ﬁq,jpj,tqi’ (E-l)
" cash ' ca:sh,ﬁ (:(Lsh. ’ ca:sh,ﬁ

where ¢ is firm ¢’s total cattle procured in both captive and cash market, j, k is captive or
cash market.

The price equation with marginal cost function of (E-1) can be written as:

. 0
marglncapi = W(ﬁcashpcap,t + )‘qcash,,t>+ (ﬁq,qQ—i_ ﬁcap,ch(zp,t + ﬁcas}z,qp(:(zsiut>- (E_Z)

The dynamic model is as follows:

mm’gin i + 7P + i)‘tqcash,t

cap,t = atﬁQcash,t cap,t N

(E-3)
+ (/quq’/‘ + ﬁcap,qpcap,t + ﬁcash,qpcash,t)+ /”L:

0
where 7= Wﬂmsh.
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