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moved toward greater industrialization_ Hence, structura] change in key hog supply variables Creates a need o
update and reexamine this mode] angd Compare jts forecasting ability to alternative formulations such as ARIMA 4
and composite forecasts, Structura] change was found to be present for Sow farrowings, by less obvious for other

key Supply variables, The forecasting performance of the updated €conometric mode] was Strong in the presepce _-
of alternative forecases for both one ang four-step aheaq horizons. 4

INTRODUCTION
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The next section outlines the Stillman model and briefly reviews other recent hog
¥ ling efforts. Then, the data sources and methods used are discussed. Finally, the
of the reestimated econometric model, ARIMA models, and subsequent forecast

15 are presented.

SELECTED LITERATURE

_hog production model specified by Stillman is just one part of a total livestock

odel. Stillman originally specified this model to be used by situation and outlook

s to aid in understanding the livestock industry and to forecast prices and quantities of
Kk, and chicken. In his formulation of the hog supply sector, Stillman uses a 6-

tion recursive model to capture the biological relationships in pork production. Consistent

'the recursive model and biology of pork production, the flow of causality is

tional, meaning that committed resources cannot be altered for several periods.

he first equation is sow farrowings. Sow farrowings, the number of sows giving birth
cular quarter, drives the production process of hogs. Stillman specifies the sow

gs equation as:

FAR(t) = F(FARLI1, FARL4, FARL5, CORNLL1, B&GPR) ,

AR(t) is sow farrowings in time period t, FARL1, FARLA, and FARLS, are one,
five period lagged farrowings respectively, CORNLI is one period lagged corn
and B&GPR is the expected price of barrows and gilts. Stillman formulates B&GPR as
listributed lag of the past three lagged barrow and gilt prices with weights of 1/2, 1/3, and
?éspectively. The B&GPR represents producer’s expectations about future hog prices, and

j':gge,d corn price represents a major cost component in hog production. The lagged
wing variables attempt to pick up the biological processes inherent in sow farrowings.

" Following the sow farrowings equation, an equation representing pig crop is specified

PC(t) = 7.3*FAR(t),

re PC is pig crop and FAR is sow farrowings. In essence, pig crop represents the number
pigs born in a quarter. The 7.3 is the average number of pigs saved per litter for the time

iod of Stillman’s study.
Next, barrow and gilt slaughter is formulated as:

B&GSL(t) = F(PCL1, PCL2, DV1 and DV2) ,
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where B&GSL Is barrow and gijt slaughter, PCL1 and PCL2 are On€ and two perjog lagg ¢
the pig crop, ang DV1 and Dy Tepresent dummy variables for the first and secopg Quarge,
Since it takes about five months for pjgjers to reach market. weight, PCL1] and PCL2 are Used
as €Xplanatory Variables jp addition to S€asona] dummy variables. :

In an attempt to further delineate the slaughtering Process, an €quation jg €stimateq ;,—
SOW slaughter ang an identity Specified for total hog slaughter. Stillman formulateg the soy, |
slaughter €quation as- : ]

4 SS@t) = F(FARLI, B&GPR, CORNL], DV1, Dv2, and DV3) |

Where SS js sow slaughter apg FARL], B&GPR, CORNLY are a5 defined above jp the soy,
farrowings €quation. Dvi, DV2, angd DV3 are Seasona] dummy variables, Stillman ( 1985
16) states that "sow slaughter measures the Mmaintenance of the breeding herg and marging) #
adjustment 1o the short rup Production Capacity." The identity for total hog slaughter js.

- (5) HS(t) = SS(t) + BS(t) + B&GSL(p) ,
Where BS jg defined as the historicaj mean value of the boar to sow slaughter ratjo.

The fina] €quation Specified by Stillman is for pork Production. Pork Production g
modeled as the Product of hog slaughter times an average carcagg weight. The average carcagg
weight used jg 172 pounds. i

(6) PP(t) = HS(t)*172 .

Severa] articles jn the agricultura] €conomics literature yge Similar formulationg to j
mode] the hog Production process. Some models utiljze more or Jess €quations; however, thc
all have 3 similar Structure that follows the biology of Pork production_ One of the more *
famous articles js by Harlow (1962) who uses a Tecursive, cobwep Specification. Harlow’s
Supply equationg are sows farrowing, hogs slaughtered, and Quantity of pork Produced. A
more recent hog Production model is that of Holt and Johnson (1988). Unlike Harlow and
Stillman who use OLS Procedures, Holt anqg Johnson use ap instrumenta] variable procedyre
estimating theijr model. They identify 2 Seven-equation mode] The mode] js unique in that jt
models the breeding herg inventory Which consists of Sows, gilts, and boars with the idea that -
"breeding herg Places a Physical limit on the number of SOWs farrowing, (Holt and Johnson, 1
1988, p. 315). Skold (1992) models additions to the breeding herg and breeding herd E

n.
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DATA AND METHODS

= This study uses quarterly data for the years 1975.1 to 1996.4. The data come from
‘girious USDA and NASS publications and bulletins including Agricultural Prices, U.S.
irterly Hogs and Pigs Report, and the Livestock Slaughter Report. Definition of the data
are as follows: 10 state sow farrowings, 1000 head: 7 market farm price of 230 Ib.
arrows and gilts, dollars/cwt.; federally inspected hog, sow, barrow & gilt, and boar
. slaughter, 1000 head; 10 state pig crop, 1000 head; commercial production of pork, millions

of Ibs.; and U.S. price of No. 2 yellow corn, dollars/bushel.! Nominal prices and quantities
e used throughout the study since one of the major objectives of both the Stillman model and
ARIMA models is forecasting. If real prices and quantities were used, then the deflator
1d also have to be forecasted as well.

- In addition to the price and quantity data listed above, expert opinion is used to update
the numbers for pigs per litter and average carcass weight in the econometric model. The
Eﬁu;mm used for pigs per litter, 8.2, was provided by Professor G.R. Hollis of the Department
of Animal Science at the University of Illinois, Urbana-Champaign. Similarly, the average
rcass weight for hogs of 182 pounds was suggested by Professor Darrell Good of the
epartment of Agricultural and Consumer Economics, University of Illinois, Urbana-

hampaign.

: OLS regression is used to reestimate Stillman's model. Initially, the model is
Teestimated over the entire sample period, 1975.1 to 1994.4, and the coefficients are compared
to Stillman's results.> The presence of structural change is examined using the CUSUM
recursive residual test, sequential Chow test, observation of significance levels of the
parameters for each part of the sample, and the examination of slope shifting variables.
Traditional Box-Jenkins ARIMA model procedures are used in the estimation of the time series
models. ARIMA models are identified, estimated, and diagnosed for the price of barrows and
gilts, sow farrowings, sow slaughter, and barrow and gilt slaughter. The price of barrows and

ilts model is used to forecast the exogenous variable B&GPR (expected price of barrows and
gilts) in both the sow farrowings and sow slaughter equations.

Both one-step and multiple-step ahead out-of-sample forecasts are conducted for each of
 the econometric equations for the period of 1995.1 to 1996.4. Similarly, one and multiple-step

‘In 1992, the hogs and pigs report changed from 10 to 16 states. To remain consistent
throughout the data set, the quarterly sow farrowings and pig crop numbers were taken from
‘the original 10 states for 1992 to 1996. -

*Stillman estimated his model over the period of 1970 to 1981 and evaluated its
forecasting performance from 1982 to 1984.
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Over the entire Sample (1975 ; to 1994 4
strikingly similar 1o Stillman'
are al] of anticipated sign and

» and five-perjoq lagged farrow;

; Ver, the Ummy varjapjeg for our Tegression are |
Statistically significant While those for Stillman’ - The largegt discrepancy g
with the updateq SOW slaughter €Quation. Aj] of i ici

1 are aPProximately hajf the ]
magnitude of Stillman’s model. The lagged ope period farrowings are the most Similar, with
for the reestimated moge and Stillmap's
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Structural Change

The reduced magnitude of B&GPR and CORNL] in both the sow farrowings and sow
slaughter equation (Table 1) suggests the possibility that structural change has occurred since
the time period used by Stillman. The increased industrialization of the hog industry also adds
suspicion that the supply structure of the hog industry has experienced structural change.
- Using the aforementioned tests for structural change, evidence of structural change is most
- prominent in the sow farrowings equation. The CUSUM recursive residual test suggests that a
structural change occurred near 1986.1 for the sow farrowings equation. The sequential Chow
test shows an unusual jump at the same time period; however, it fails to reject the null
hypothesis of parameter stability.® The significance of slope shifting variables for the second
part of the sample (1986.1 to 1994.4) and observation of the changing magnitude of both the
B&GPR and CORNLI coefficients estimated observation by observation also confirms
structural change beginning at 1986.1. For instance, in the first part of the sample both
B&GPR and CORNLI coefficients are 14.996 and -131.79 respectively. In the post 1986.1
sample, the B&GPR coefficient decreases in magnitude to 6.829 while the lagged corn

coefficient goes to positive 8.112. This is not the expected sign on the lagged corn variable,
and the t-ratio of 0.152 illustrates no statistical significance.

Similar procedures are conducted for the barrow and gilt slaughter and for the sow
slaughter equations. For the barrow and gilt slaughter equation, a structural change according
to the CUSUM recursive residual test occurs later in the sample, around observation 1989.1.
Again, the sequential Chow test did not indicate a structural change. Splitting the sample at
1986.1, the magnitudes of the coefficients appear to be different for each half of the sample,
but the signs and the significance levels remain similar.$ Overall, the presence of a structural
change along the same lines as the sow farrowings equation is more difficult to identify, in
fact, it is difficult to conclude that structural change occurred at all in this equation.

Finally, for sow slaughter the CUSUM recursive residual test shows no signs of
structural change. The Chow test is deemed unreliable since it suggests parameter instability
at each and every breakpoint throughout the sample period. Observation of both parts of the

*See Alston and Chalfant (1991) for a discussion of problems with Chow tests. Green
(1993) also states that the Chow test is invalid under situations where the disturbance variance
is different for each part of the split sample. Green (pg. 215) suggests the use of a Wald test
for these situations. Results of the Wald test confirmed structural change at the 10% level.

However, Green also suggests that this test may not be powerful when used with small
samples.

°For consistency, the sample was split at the same points as in the sow farrowings
equation because the sow farrowings equation is such a vital equation in this recursive model.
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operations, often represented by multi-million dollar capital investments. Therefore, these )
operations are probably less apt to respond to short-run price stimuli in lieu of more constant
production to keep average fixed costs at a minimum. In addition, contract growers are paid
On a pre-negotiated per head basis. Inputs such as feed (corn) are provided by the contractor, 3
contributing to the reduction of importance of the price of corn in sow farrowings and E
subsequently in sow slaughter,

| 02 .

After examining the various results for structural change, all three equations are
reestimated using the sample period from 1986.1 to 1994 .4, saving eight quarters of
observations for out-of-sample forecasting (Table 2).

For sow farrowings, the lagged corn price (CORNLY) is dropped from the cstimation
since it is statistically insignificant. The expected price variable (B&GPR) is kept in order to 4
retain an economic variable in the equation. B&GPR is significant at the 10% level but not at.

fourth order autocorrelation. However, as a group, the coefficients on the lagged residuals alf
insignificant using an F-test. Because of this weak evidence, the higher order autocorrelation
is not modeled. ]

The barrow and gilt slaughter equation is not modified.” The Durbin-Watson is in
undefined range for first order autocorrelation; however, the test of regressing the residuals o

"Note that the complete set of quarterly dummy variables were included in our model_-
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The ARIMA model for sow farrowings is specified as an ARIMA (1,0,0)x(0,1,3),.
Initial observation of the ACF and PACF showed definite signs of seasonality, with ACF T
spikes tapering off at intervals of four and PACF spikes significant at lags four and five. Thjs =
specification has no significant spikes in either the residual ACF or PACF, is parsimonious, ;
and passes the Ljung-Box Q-test for all but lag 5. The model was also over and underfitted anq
forecasts were plotted to ensure model parsimony and stationarity respectively. Alternative
specifications were also estimated including an ARIMA (1,0,0)x(3,1,0), and an ARIMA
(1,0,0)x(1,1,0),; however, initial examination of out-of-sample forecasting performance using
mean square error criteria confirms the use of the ARIMA ( 1,0,0)x(0,1,3),.%

The barrow and gilt slaughter model estimated as ARIMA (1,0,0)x(0,1,1), is the most
parsimonious of the four equations. Similar to the sow farrowings equation, observation of the =
ACF and PACF identified a potential seasonal component with ACF and PACF spikes
significant at four lags and four and five lags respectively. Again, alternative models were
initially specified, all of which were relatively parsimonious and passed the traditional
diagnostic tests. These models included an ARIMA (1,0,0)x(2,1,0), and (5,0,0)x(1,0,0),;
however, the ARIMA (1,0,0)x(0,1,1), showed superior forecasting performance initially
among the models.

Finally, an ARIMA (1,0,0)x(3,1,0), is estimated for sow slaughter. An alternative
model incorporating a seasonal MA was estimated as ARIMA (1,0,0)x(0,1,1), which also
passed all diagnostic tests. Despite the greater parsimony of this model, initial testing of its
forecasting performance was slightly inferior to that of the ARIMA (1,0,0x(3,1,0),
specification. ‘

el G 3

Out-of-sample forecasts of the econometric, ARIMA, and composite forecasts are :
conducted for the quarters of 1995.1 to 1996.4. One, two, three, and four-step ahead
forecasts are conducted for equations one through six. However, for brevity only the one and 3
four-step ahead forecast evaluation results are presented (Table 4). The composite forecast is 3
developed by taking a simple average (equal weighting) of econometric and ARIMA forecastS'j
for each of the six,equations. :

ol Ll

Table 4 shows the evaluation of the one-step and four-step ahead forecasts for both i
econometric and ARIMA forecasts as well as the composite forecasts. For the one-step ahead
forecasts, all of the forecasts, except for sow slaughter, perform well compared to a naive
forecast as evidenced by the U2 coefficients. Similarly, for all one-step ahead forecasts, the ;

*Models estimated without seasonal differencing continually produced significant spikes
in the ACF and PACEF for distant lags (i.e., approximately lag 16).
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MAPE’s are less than 5% except for the sow slaughter forecasts. In measuring the ability to
forecast directional movement, all of the one-step ahead forecasts perform well. All forecasts
for sow farrowings, barrow and gilt slaughter, hog slaughter, and pork production predict
directional movement with 87.5% accuracy. All pig crop forecasts are 100% accurate in
predicting directional movement. However, the sow slaughter forecasts demonstrate mixed
performance in predicting directional movement, with the ARIMA model at 75 % , econometric

at 50%, and composite at 37.59

Examining the one-step ahead forecast performance for each individual supply factor,
both the econometric and ARIMA forecasts for sow farrowings, and subsequently pig crop,
are quite similar across performance criteria. For both sow farrowings and pig crop, the
cconometric model is superior based on RMSE and the U2 coefficient. Based on MAD and

Therefore, the squaring of this error accentuates the RMSE and U2 statistic and subsequently
- favors the econometric forecast. For barrow and gilt slaughter, the composite model

 the statistical criteria (RMSE, MAD, MARPE, and U2) are almost identical across models. In

*The pork production to hog slaughter ratio illustrated that carcass weight averaged 189
pounds for the out-of-sample period. Sensitivity analysis showed that the use of 188 pounds
for carcass weight would provide consistent results to that of hog slaughter.
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SUMMARY AND CONCLUSIONS

: _ This paper updates, reestimates, and forecasts the hog supply model originally se
by Stillman (1985). The forecasts from this updated econometric model were then comp;
with forecasts from Box-Jenkins ARIMA models and composite econometric/ ARIMA
forecast.s. In the reestimation of the €conometric model, there was evidence of structura]
change in the sow farrowings equation starting at 1986.1. However, the evidence ip fave
Structural change for the other estimable €quations, barrow and gilt slaughter and sow
slaughtgr, was less evident. The reestimation of Stillman’s model with new data suggests
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nce of this popular hog supply model should increase the understanding of the hgg
ocess, improve short-term forecasts of key hog supply variables, and provide a
for further research. :
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Table 1., Estimation of Stillman Model], 1975.1 to 1994 .4 .

L ———
Std, Stillman Results:
Equation Variable Coefficient Error  T-Rario Coefficient T-Ratip
Sow Farrowings: FARL] 0.683 0.066 10.380 =* 0.664 7,090 »
FARI4 0.869 0.050 17.440 * 0.883 13.508 *
FARL5 -0.610 0.069 -8.858 * -0.548 -5.656 *
CORNL] -48.440  31.250 -1.550 -93.856 -1.619
B&GPR 11.049 2.606 4.240 * 20.814 4,637 *
CONST. -255.260  241.900 -1.055 650.807 -1.759
R-square 0.841 0.906
R-square adj. 0.831 na
F-statistic 78.519 48.110
Barrow and PCL1 0.359 0.049 7.287 * 0.342 521«
Gilt Slaughter: PCL2 0.779 0.040 19.620 * 0.767
DVi 455.250  214.800 2.119 * 716.230
Dv2 2072.000 255.900 8.097 * 968.796
CONST. -1133.900 983.000 ~1.154 500.771
R-square 0.887 0.854
R-square adj, 0.881 na
F-statistic 147.260 2037.970
D.w. 1.601 na
Sow Slaughter: FARL] 0.432 0.044 9.722 * 0.525 7.
B&GPR -7.655 1.747 -4.381 * -18.507 4.625 *
CORNL] 89.734  20.99¢ 4.276 * 135.559 :
DV1 -84.310  24.500 -3.44] * -229.546 -4.128
DV2 ~99.352 27.100 -2.190 * -76.876 -1.371
Dv3 -110.160 26.460 -4.163 * -244.582 -4.434 %
- CONST. 201.060  162.600 1.237 500.771 1.616
R-square 0.769 0.837
R-square adj. 0.750 na
F-statistic 40.478 22.180
D.w. 1. 171 na

* Significant at the 5% Joye]
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eestimation of Stillman Model for Use in Forecasting, 1986.1 to 1994.

Std.
Variable Coefficient Error T-Ratio
g : FARL1 0.678 0.117 5.793 *
oo FARLA 0.903 0.083 10.820 *
s '269 8.858 « FARLS -0.651 0.125 5212 *
229 -Lssg B&GPR 6.704 3.667 1.828
P 'ggg 4.240 « CONST. -144.930  418.900 -0.346
* -1.055 |
‘i R-square 0.848
R-square adj. 0.828
F-statistic 43.069
D.W. 2.002
. Rl fwand  PCLI 0.389 0.106 3.659 *
300 19.620 * slaughter: PCL2 0.788 0.109 7.241 *
- 2.119 » r DV1 406.620 257.700 1.578
o 8.097 « 91 DV2 1382.800  242.400 5.705 *
-1.154 56¢‘ DV3 -602.840  588.000 -1.025
0_‘ CONST. -1253.100  1194.000 -1.049
g R-square 0.951
R-square adj. - 0.943
2
%7 F-statistic 116.139
D.W. 1.629
9.722 » w Slaughter: FARL1 0.159 0.061 2.602 *
4.38] * B&GPR -8.355 1.632 -5.120 *
4.276 DV1 -73.841 19.940 -3.703 *
3.44] « DV2 -98.159 25.080 -3.914 *
~2.190 * DV3 -0.631 22.190 0.028
“14-163 * CONST. 1015.700 187.200 5.426 *
237
R-square 0.827
R-square adj. 0.798
F-statistic 28.696
D.W. L1197
* Significant at the 5% level.
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Barrow angd
Gilt Slaughter-

Sow Slaughter:

R-square

R-square adj.

F-statistic

PCL1
PCL2
Dv]
Dv2
CONST.

R-square

R-square adj.

F-statistic
D.w.

FARL]
B&GPR
CORNL]
Dv]
DV2
Dv3

- CONST.

R-square
R-square adj.
F-statistic
D.w.

Coefﬁcient

| Std.
_Equation Variable T-Ratio Coefficient T-Ratio
Sow Farrowings: FARL] "

FARL4
FARLs
CORNL]
B&GPR
CONGST.

0.683 0.066  10.380 = 0.664 7.090 «
0.869  0.050 17.440 * 0.883 13.508 +
0.610 0,069 -8.858 * 0.548 -5.656 +
48.440 31250 -1.550 93.856 -1.619 §
1.049 5606 4.240 * 20.814 4,631 %
255.260  241.909 -1.055 -650.807 -1.759
0.841 0.906
0.831 na
78.519 48.110
0.359 0.049 7.287 * 0.342 !
0.779 0.040 19,60 « 0.767 11.38
455.250  214.809 2.119 * 716.230 1337
2072.000 255,909 8.097 * 968.796 1.728
-1133.900 983 ggg -1.154 500.771 1.616
0.887 0.854
0.881 na
147.260 2037.970
1.601 na
0.432 0.044 9737+ 0.525 7.902 3
-7.655 L747 438 » "18.507 -4.625 %
89.734  20.99¢ 4.276 * 135.559 268 1
84310 24 509 -3.44] * -229.546 4.128 *
59.352  27.100 -2.190 * -76.876 -1.371
-110.160 26 460 4.163 * -244.582 -4.434 3
201.060 162,600 1.237 500.771 1.616 o
0.769 0.837
0.750 na
40.478 22.180
L.tn na

Error

Stillman Resuirs, |

* Significant ar the 5% leve].
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1986.1 to 1994,

mation of Stillman Model for Use in Forecasting,

: Std.

" Variable _ Coefficient Error T-Ratio

: FARLI 0.678 0.117 5.793 =
FARIA4 0.903 0.083 10.820 *
FARLS5 -0.651 0.125 -5.212 *
B&GPR 6.704 3.667 1.828
CONST. -144.930 418.900 -0.346
R-square 0.848
R-square adj. 0.828
F-statistic 43.069
D.W. 2.002
PCLI 0.389 0.106 3.659 *
PCL2 0.788 0.109 7.24] *
DV1 406.620 257.700 1.578
DV2 1382.800 242 .400 3.705 *
Dv3 -602.840 588.000 -1.025
CONST. -1253.100 1194.000 -1.049
R-square 0.951
R-square adj. © 0.943
F-statistic 116.139
D.w. 1.629
FARL] 0.159 0.061 2.602 *
B&GPR -8.355 1.632 -5.120 *
DVi -73.841 19.940 -3.703 *
DV2 -98.159 25.080 -3.914 *
DV3 -0.631 22.190 -0.028
CONST. 1015.700 187.200 5.426 *
R-square 0.827
R-square adj. 0.798
F-statistic 28.696
D.W. L117

*.

_ Significant at the 5% level.
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