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C H A P T E R I 

INTRODUCTION 

The agricultural environment encompasses an important seg

ment of production and distribution enterprises in the American econ

omy. Many agriculturally related enterprises experience large fluc

tuations in their inventories, production activities, sales, capacity, 

and earnings. Cyclic, seasonal, and irregular patterns of behavior 

have persisted over the years. 

Research Problem and Objectives 

Hog market patterns of behavior have affected everyone con

cerned with the pork production—consumption system--hog producers, 

meat packers, distributors, and consumers. Cyclical market pat

terns with an average duration of 48 months and amplitude variations 

of from jh 25% to jh 60% characterize the long-term behavior. The 

large fluctuations in hog supplies create problems of resource allo

cation, capacity utilization, and product availability throughout the 

system. Hog producers' income can be changed radically from one 

year to the next. Meat packers must build inventories of frozen pork 

while hog prices are high and rising. Furthermore, consumers are 
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u s u a l l y f o r c e d t o p a y h i g h e r p r i c e s f o r a l o w e r q u a l i t y g r a d e o f p o r k 

p r o d u c t s a s d i s t r i b u t o r s a t t e m p t t o e q u a l i z e s u p p l y a n d d e m a n d c o n 

d i t i o n s . 

T h e u n s t a b l e b e h a v i o r o f t h e p o r k s y s t e m r e c e i v e s c o n s i d e r 

a b l e t h o u g h t a n d e f f o r t b y m a n y i n t e r e s t e d p a r t i e s . E a c h s e e k s u n d e r 

s t a n d i n g o f t h e i n s t i t u t i o n a l , t e c h n o l o g i c a l , a n d b e h a v i o r a l c o m p l e x 

i n w h i c h t h e p o r k s y s t e m f u n c t i o n s . T h e e c o n o m i s t ' s g o a l i s t o u n d e r 

s t a n d m a r k e t b e h a v i o r w i t h r e s p e c t t o p r i c e a n d q u a n t i t y . H e c h o o s e s 

t o d e - e m p h a s i z e t h e b r o a d r a n g e o f d e c i s i o n - m a k i n g p r o c e s s e s i n t h e 

p o r k s y s t e m . S t a t i s t i c a l r e g r e s s i o n s t u d i e s m e a n w h i l e a i m t o w a r d 

e x p l a i n i n g t h e f o r m u l a t i o n o f p r i c e a n d d e t e r m i n i n g t h e c a u s a l e v e n t s 

r e s u l t i n g f r o m a c h a n g e i n p r i c e . W h i l e m a n y s u c h s t u d i e s h a v e c o n 

t r i b u t e d t o a h i g h e r l e v e l o f m a r k e t k n o w l e d g e , t h e y a p p e a r t o h a v e 

o n e s h o r t c o m i n g r e l a t i v e t o a b r o a d u n d e r s t a n d i n g o f t h e p o r k S y s t e m . 

T h e s t u d i e s d o n o t p e n e t r a t e i n t o t h e n a t u r e o f t h e d e c i s i o n - m a k i n g 

p r o c e s s e s a n d t h e w a y i n w h i c h t h e s e p r o c e s s e s e f f e c t u a t e t h e p o r k 

s y s t e m ' s d y n a m i c b e h a v i o r . 

T h i s p r o b l e m c e n t r a l t o t h i s r e s e a r c h i s t o e x p l a i n h o w t h e 

l o n g - t e r m , w i d e l y v a r y i n g p o r k c y c l e i s d e p e n d e n t o n t h e o r g a n i z a 

t i o n a l s t r u c t u r e s , o p e r a t i o n a l p o l i c i e s , a n d i n f o r m a t i o n f l o w s w i t h i n 

t h e p o r k s y s t e m . 

T h e s y s t e m s t r u c t u r e c o n s i s t s o f ( a ) n u m e r o u s i n d e p e n d e n t 
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HOG PRODUCERS WHO (B) SELL TO A SUBSTANTIALLY SMALLER NUMBER OF MEAT 

PACKERS WHO, IN TURN, (C) SELL PORK PRODUCTS TO A RELATIVE FEW LARGE 

DISTRIBUTION OUTLETS. VARIOUS SOURCES OF INFORMATION, INCLUDING GOV

ERNMENTAL, MARKET, AND PRIVATE ARE USED BY THE SYSTEM PARTICIPANTS 

IN THE BREEDING, SHIPPING, INVENTORY CONTROL, PRICING, RETAILING,AND 

BUYING DECISIONS. KNOWLEDGE ABOUT THE NATURE OF THE DECISION-MAKING 

PROCESSES AND THE WAY IN WHICH THOSE PROCESSES BRING ABOUT THE CY

CLICAL PATTERN IS NEEDED TO UNDERSTAND BETTER THE ECONOMIC FORCES 

WHICH INFLUENCE PRICE AND QUANTITIES PRODUCED AND CONSUMED AT VARIOUS 

LEVELS IN THE SYSTEM. IT IS NEEDED FOR IMPROVED POLICY FORMULATION 

AND DECISION MAKING BY THOSE PEOPLE INTERESTED IN THE HOG MARKET'S 

PERFORMANCE. 

RELATED TO THE RESEARCH PROBLEM ARE A SET OF SPECIFIC OBJEC

TIVES WHICH WILL SERVE AS A GUIDE IN THE RESEARCH EFFORT AND THE ANAL

YSIS OF ITS RESULTS. THOSE SPECIFIC OBJECTIVES ARE: 

1. TO IDENTIFY SOME OF THE CONTROLLING FEEDBACK STRUCTURES 

AND COUPLINGS WHICH DETERMINE THE PORK SYSTEM'S 

CYCLIC BEHAVIOR. 

2. TO ILLUSTRATE THE FEEDBACK STRUCTURES AND COUPLINGS IN 

A QUANTITATIVE MODEL. 

3. TO DEMONSTRATE THAT THE AMPLITUDES, PHASING, AND 

PERIODS OF OBSERVABLE MARKET VARIABLES ARISE FROM 
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THE INFORMATION FEEDBACK STRUCTURE. 

4. TO SHOW THAT THE SYSTEM'S RESPONSE IS CONTROLLED BY 

CERTAIN FEEDBACK STRUCTURES. 

RESEARCH APPROACH 

THE COMPLEX ENVIRONMENT OF THE PORK PRODUCTION-CONSUMPTION 

SYSTEM CAN BE VIEWED IN TERMS OF CONTROL SYSTEM OPERATIONS. AN 

AGRICULTURAL MARKET OPERATES AS AN INFORMATION DECISION-MAKING SYS

TEM. WITHIN A GIVEN SYSTEM ACCUMULATIONS SUCH AS CAPACITY, INVEN

TORIES, AND EARNINGS HAVE VARIATIONS WHICH AFFECT THE MARKET'S STA

BILITY. SYSTEM CONTROL IS ACCOMPLISHED THROUGH THE INFORMATION FEED

BACK LOOP. THE LOOP PROVIDES A DECISION-MAKER WITH INFORMATION 

ABOUT THE STATE OF AN ACCUMULATION HE WISHES TO CONTROL. THE DE

CISION-MAKER INTERPRETS THIS INFORMATION AND DETERMINES A DECISION 

WHICH ALTERS THE FLOWS INTO AND/OR OUT OF THE ACCUMULATION. IT IS 

HOPED THAT THE ACTION RESULTING FROM THESE DECISIONS WILL EVENTUALLY 

PRODUCE THE DESIRED CHANGES IN THE ACCUMULATION. 

IN THIS FEEDBACK SYSTEMS APPROACH THE METHODS OF INDUSTRIAL 

DYNAMICS WILL BE USED. A N HYPOTHESIZED STRUCTURE OF THE INFORMATION 

FEEDBACK RELATIONSHIPS WHICH CONTROL THE IMPORTANT ACCUMULATIONS AND 

FLOWS RELATIVE TO LONG-TERM DYNAMICS WILL BE DEVELOPED. THE STRUC

TURE WILL BE TRANSFORMED INTO A QUANTITATIVE MODEL FOR EMPIRICAL 

TESTING. BECAUSE OF THE COMPLEXITY OF THE PORK SYSTEM, DIGITAL 
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COMPUTER SIMULATION WILL BE USED TO GENERATE AND RECORD MODEL BE

HAVIOR. SIMULATION EXPERIMENTS WITH THE MATHEMATICAL MODEL WILL AID 

IN DEVELOPING THE NEEDED UNDERSTANDING OF THE REAL WORLD SYSTEM DYNA

MICS. 

NUMEROUS SIMPLIFYING ASSUMPTIONS RELATIVE TO THE PORK PRODUC

TION-CONSUMPTION SYSTEM WILL NOT BE REQUIRED TO ACCOMPLISH THE OBJEC

TIVES OF THIS RESEARCH. RATHER THE RESEARCH WILL INCLUDE AN HYPOTHESIS 

AND MODEL FORMULATION WHICH CORRESPONDS CLOSELY TO THE REAL WORLD EN

VIRONMENT. REALISM IS TO BE STRESSED THROUGHOUT THE RESEARCH EFFORT. 

THIS STUDY WILL NOT BE DIRECTED TOWARD AN ALL INCLUSIVE MODEL 

FORMULATION WHICH ACCOUNTS FOR EACH VARIABLE AND INTERACTION EXISTING 

IN THE ACTUAL SYSTEM. THE PROPER IDENTIFICATION AND ISOLATION OF THE 

FEEDBACK STRUCTURES CAUSING THE BEHAVIORAL PATTERNS WILL BE NECESSARY 

FOR THE SUCCESSFUL ACCOMPLISHMENT OF THE STATED PURPOSE AND OBJECTIVES. 

THEREFORE, CONSIDERABLE EFFORT WILL BE EXERTED IN DEFINING: (A) THE 

SYSTEM BOUNDARIES (b) THE INFORMATION FEEDBACK RELATIONSHIPS IN THE 

SYSTEM (C) THE IMPORTANT SYSTEM VARIABLES WITHIN THE FEEDBACK STRUC

TURES AND {D) THE COUPLINGS WHICH ASSOCIATE THE FEEDBACK STRUCTURES. 

FROM THIS INFORMATION THE RESEARCH HYPOTHESES OF THE MECHANISMS PRO

DUCING THE LONG TERM HOG PRICE MOVEMENT WILL BE DEVELOPED AND TESTED. 
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C H A P T E R II 

L I T E R A T U R E S U R V E Y 

H o g m a r k e t a c t i v i t i e s p o s e f a s c i n a t i n g e c o n o m i c q u e s t i o n s . A 

r e v i e w o f t h e s c h o l a r l y l i t e r a t u r e r e v e a l s t h a t v a r i o u s s t a t i s t i c a l 

a p p r o a c h e s h a v e b e e n e m p l o y e d i n n u m e r o u s h o g m a r k e t s t u d i e s . 

T h e s e s t u d i e s s e t ou t t o e s t a b l i s h n u m e r i c a l e s t i m a t e s o f f u n d a m e n t a l 

m a r k e t r e l a t i o n s h i p s w i t h t h e a i m o f f o r e c a s t i n g f u t u r e e v e n t s . T h e r e 

a r e t w o t y p e s o f s t u d i e s ; s h o r t - t e r m s t u d i e s a n d l o n g - t e r m s t u d i e s . 

S h o r t - t e r m f o r e c a s t s a r e t y p i c a l l y b a s e d o n a s i n g l e e q u a t i o n m o d e l . 

I n t h e m o d e l , o n e a s s u m e s t h a t a v a r i a b l e , s u c h a s p r i c e o r q u a n t i t y , 

c a n b e p r e d i c t e d w i t h s e v e r a l k n o w n i n d e p e n d e n t v a r i a b l e s . L o n g -

t e r m s t u d i e s t y p i c a l l y r e q u i r e t h e s i m u l t a n e o u s c o n s i d e r a t i o n o f m a n y 

i n t e r r e l a t e d v a r i a b l e s . 

E c o n o m i s t s a n d a g r i c u l t u r a l s p e c i a l i s t s h a v e s t u d i e d t h e h o g 

i n d u s t r y f o r n e a r l y o n e h u n d r e d y e a r s . I n 1 8 7 6 B e n n e r p o i n t e d ou t t h e 

r e g u l a r l y r e c u r r i n g h o g p r i c e c y c l e s (1 ) . W a r r e n , i n 1 9 1 4 , d e m o n 

s t r a t e d t h e t e n d e n c y f o r r e g u l a r i t y i n t h e h o g p r o d u c t i o n c y c l e (2 ) . 

F u r t h e r m o r e , W a r r e n e m p h a s i z e d t h e r e l a t i o n s h i p b e t w e e n a b n o r m a l 

c o r n c r o p s a n d s u b s e q u e n t h o g p r i c e m o v e m e n t . 

W a l l a c e w a s t h e f i r s t r e s e a r c h e r t o a p p l y p r e c i s e s t a t i s t i c a l 
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METHODS TO HOG MARKET ANALYSIS (3 ) . WALLACE STRESSED THE ••ELATION-

SHIP BETWEEN CORN PRICES AND FUTURE HOG PRICES, AND HE PERFORMED 

MULTIPLE CORRELATION STUDIES ON THE RELATIONSHIP BETWEEN HOG SUPPLY 

AND HOG PRICES. 

WARREN AND PEARSON DEMONSTRATED THAT HOG PRODUCTION FOLLOWS 

CHANGES IN THE HOG-CORN RATIO ( 4 ) . THEY STATE THAT THE RATIO WAS PROB

ABLY THE DOMINANT ELEMENT IN CREATING PRICE CHANGES. 

DRAWING ON THE TECHNIQUES OF MULTIPLE REGRESSION ANALYSIS, 

HAAS AND EZEKIEL FOUND THE DOMINANT INFLUENCES IN THE HOG MARKET TO 

BE THE SUPPLY OF HOGS, QUANTITY OF PORK PRODUCTS IN STORAGE, GENERAL 

PRICE LEVEL, GENERAL BUSINESS CONDITIONS, AND THE PRICES OF ALTERNA

TIVE MEAT PRODUCTS ( 5 ) . 

THE STUDY BY HARLOW IN 1 9 5 9 DISCUSSED THE PRINCIPAL ECONOMIC 

FORCES AFFECTING THE HOG INDUSTRY AND QUANTIFIED THOSE FORCES INTO A 

STATISTICAL MODEL ( 6 ) . HARLOW STATED THAT THE MODEL PRODUCED GOOD 

RESULTS FOR PREDICTING CHANGES IN THE DIRECTION OF THE DEPENDENT VARI

ABLES IN THE FOUR QUARTERS IMMEDIATELY FOLLOWING THE PERIOD OF FIT IN 

I 9 6 0 ; HOWEVER, THE MODEL PERFORMED POORLY IN THE SUCCEEDING FOUR 

QUARTERS OF 1 9 6 1 . 

IN 1 9 6 7 , MEYERS AND HAVLICEK FOCUSED THEIR ATTENTION ON THE 

DEVELOPMENT OF THEORETICAL NOTIONS FOR ANALYZING MONTHLY AGGREGATE 

SUPPLY RESPONSE OF LIVE HOGS FOR SLAUGHTER (7 ) , THEY SYNTHESIZED A 
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TOTAL SUPPLY FUNCTION WHICH INCLUDED PRODUCER PRICE EXPECTATIONS, BUT 

NO EMPIRICAL TEST WAS MADE ON THIS FUNCTION. 

MANY OF THESE STUDIES HAVE BEEN INSTRUMENTAL IN DISCOVERING 

KEY MARKET RELATIONSHIPS. IN GENERAL, THE ECONOMETRIC STUDIES WERE 

LIMITED TO SIMPLE LINEAR SUPPLY AND DEMAND RELATIONSHIPS AMONG A FEW 

VARIABLES. HOWEVER, MANY IMPORTANT RELATIONSHIPS ARE NOT LINEAR, 

AND SIGNIFICANT INTERACTIONS INFLUENCE THE ACTIVITIES WITHIN THE PORK 

SYSTEM. 

THE NONLINEAR, INTERACTING SEGMENTS CAN BE STUDIED VIA SYS

TEMS ANALYSIS. SYSTEMS ANALYSIS CAN OFFER CONVINCING EVIDENCE OF THE 

TRUE CAUSE AND EFFECT RELATIONSHIPS IN THE PORK SYSTEM. SUCH EVI

DENCE SHOULD CONTRIBUTE TO A BETTER UNDERSTANDING OF THE BASIC FORCES 

INTERACTING IN THE MARKET. 

IN THIS THESIS RESEARCH EMPHASIS IS PLACED UPON DETERMINING 

THE TYPES OF PROCESSES WITHIN THE PORK SYSTEM. THIS EMPHASIS IS CON

TRARY TO THE STATISTICIAN'S INTEREST IN ASCERTAINING THE CORRECT PARAM

ETER VALUES FOR SPECIFIED SYSTEM PROCESSES. THE PROCESS ITSELF IS OF 

INTEREST IN THIS THESIS BECAUSE PROCESSES DETERMINE THE NATURE OF THE 

DECISION MECHANISMS, AND THE DECISION MECHANISMS CONTROL THE PORK 

SYSTEM'S PERFORMANCE. MOREOVER FOR THE PROPERLY DEFINED AND MOD

ELED SYSTEM, A WIDE RANGE OF PARAMETER VALUES CAN BE USED IN THE 

SYSTEM PROCESSES WITHOUT ALTERING THE BASIC BEHAVIORAL CHARACTERISTICS. 
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L a r s o n d e v e l o p e d a s i m p l e m o d e l f o r s t u d y i n g t h e p r o d u c t i o n 

c y c l e i n t h e h o g i n d u s t r y ( 8 ) . C r i t i c i z i n g t h e t h e o r e t i c a l a p p r o a c h o f 

T h e C o b w e b T h e o r e m , h e m o d e l e d t h e p r o d u c t i o n d e c i s i o n i n t e r m s o f 

t h e p e r c e n t a g e b y w h i c h p r o d u c t i o n a c t i v i t y s h o u l d c h a n g e a n d n o t t h e 

a b s o l u t e l e v e l o f p r o d u c t i o n a s s u g g e s t e d b y t h e c o b w e b m o d e l . A f t e r 

a p p l y i n g a s o p h i s t i c a t e d s e a s o n a l a n d t r e n d r e m o v a l t e c h n i q u e h e 

f i t t e d c o s i n e c u r v e s t o m o n t h l y d a t a a n d p o s t u l a t e d t h r e e l i n e a r d i f 

f e r e n t i a l e q u a t i o n s a s a p r o d u c t i o n m o d e l o f t h e h o g i n d u s t r y . T h e 

h a r m o n i c o s c i l l a t i o n s o f t h e a c t u a l d a t a a r e g e n e r a t e d b y t h e m o d e l ' s 

s o l u t i o n s e t . H i s m o d e l i n c l u d e s t h e c o n c e p t d e v e l o p e d b y L o r i e i n 

1 9 4 7 ( 9 ) - t h a t t h e p e r i o d o f c y c l i c m o v e m e n t i s f o u r t i m e s t h e f i x e d 

p r o d u c t i o n l a g . 

In a r e c e n t a r t i c l e , " T h e Q u i d d i t y o f t h e C o b w e b T h e o r e m " , 

L a r s o n o f f e r e d a d d i t i o n a l c r i t i c i s m o f t h e c o b w e b m o d e l ( 1 0 ) . H e 

a s s e r t e d t h a t b e c a u s e e c o n o m i s t s h a v e b e e n u n w i l l i n g t o d i s p e n s e 

w i t h t h e s u p p l y c u r v e c o n c e p t , t h e c o b w e b m o d e l s t a n d s a s a r i g i d 

t h e o r e t i c a l m o d e l o f c y c l i c b e h a v i o r . H o w e v e r , h e s t a t e s t h a t " t h e 

r e s u l t h a s b e e n t h a t t h e t h e o r e t i c a l c o n s t r u c t o f t h e c o b w e b t h e o r e m 

h a s d o n e a s m u c h t o m i s l e a d e m p i r i c a l r e s e a r c h w o r k e r s a s i t h a s 

d o n e t o d i r e c t t h e m t o a t r u e u n d e r s t a n d i n g o f t h e p h e n o m e n a u n d e r 

s t u d y . " ( 1 1 , p . 1 7 1 ) 

F r e q u e n t l y , o n e h a s t h e i m p r e s s i o n t h a t a s y s t e m a p p r o a c h 
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WILL NECESSARILY INVOLVE ALL OF THE SYSTEMS VARIABLES AND RELATIONSHIPS. 

HOWEVER, SUCCESSFUL RESEARCH IN ANY COMPLEX SYSTEM REQUIRES A RE

DUCTION OF THE COMPLEXITY TO A MANAGEABLE PORTION. THIS STUDY ACCOM

PLISHES THIS REDUCTION BY SELECTING ONLY THOSE VARIABLES AND FEEDBACK 

RELATIONSHIPS WHICH GIVE SOME INDICATION OF CREATING THE MARKET'S SYMP

TOMATIC BEHAVIOR. IN THIS WAY A LARGE CONFUSING STRUCTURE IS AVOIDED. 
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C H A P T E R III 

D E S C R I P T I O N O F T H E P O R K S Y S T E M 

THIS CHAPTER DESCRIBES THE DYNAMIC BEHAVIOR AND STRUCTURE OF 

THE PORK PRODUCTION-CONSUMPTION SYSTEM. 

BEHAVIOR 

THE PORK SYSTEM DISPLAYS TWO TYPES OF TIME-HISTORY BEHAVIOR 

IN ITS MAJOR FLOWS AND ACCUMULATIONS. OSCILLATIONS OCCUR AT TWO FRE

QUENCIES IN THE MONTHLY DATA OF FIGURES 1 AND 2. THE LOW FREQUENCY 

VARIATION HAS A PERIOD OF APPROXIMATELY 4 8 MONTHS. SUPERIMPOSED ON 

THIS LOW FREQUENCY VARIATION IS THE HIGHER FREQUENCY VARIATION w i t h A 

PERIOD OF APPROXIMATELY 12 MONTHS. CERTAIN FEATURES OF THE TIME h i s 

TORY BEHAVIOR ARE OF PARTICULAR i n t e r e s t IN THIS s t u d y . T h e s e FEATURES 

ARE PRESENTED IN THE FOLLOWING SECTIONS. 

PORK PROCESSING. DISTRIBUTION AND CONSUMPTION 

THE DATA IN FIGURE 1 REVEALS THAT FROZEN AND CURED INVENTORY 

HOLDINGS ARE SMALL COMPARED TO MONTHLY PRODUCTION AND CONSUMPTION 

ACTIVITIES. AN AVERAGE OF 10-12 DAYS 1 SUPPLY OF PORK PRODUCTS COM

PRISES THE NORMAL SAFETY STOCK. SINCE THE CONSUMERS DEMAND FRESH 

PORK, THE PACKERS ATTEMPT TO CLEAR THE MARKET OF AVAILABLE SUPPLIES, 





FbuuDS. OF PORK x TOFC 

I 9 5 Z 1 9 5 3 195 4- 1955 I95FC 1 9 5 7 1 9 5 8 1959 I9FC0 T%| 1 9 ^ 19&3 |94>4- L % 5 L9«> 1%7 ! 9 6 S 

F i g u r e 2 . H o g P r o d u c t i o n D a t a 
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LEAVING ONLY A SMALL CARRYOVER AS FROZEN OR CURED PRODUCTS. 

THE PHASING AND AMPLITUDE RELATIONSHIPS OF PORK PRODUCTION AND 

RETAIL SALES DETERMINE THE VARIATIONS IN THE PACKERS1 FROZEN AND CURED 

INVENTORY. INVENTORY BUILDS AS LONG AS PRODUCTION IS GREATER THAN 

SALES AND DECLINES WHEN SALES EXCEED PRODUCTION. FIGURE 1 DOES NOT 

INCLUDE THE DATA FOR RETAIL SALES. BUT, THE GRAPHIC RELATIONSHIP BE

TWEEN PACKER PRODUCTION, FROZEN AND CURED INVENTORY, AND CONSUMER 

DEMAND SERVES AS AN APPROXIMATION OF THE PHASING AND AMPLITUDE 

CHARACTERISTICS IN THE MEAT PACKERS' SECTOR. 

PORK PRODUCTION AND CONSUMPTION ARE ALMOST EXACTLY IN PHASE 

AND PRODUCTION VARIES OVER A LARGER AMPLITUDE THAN CONSUMPTION. 

WHILE STORAGE DATA APPEARS TO BE SMOOTH IN FIGURE 1, PRODUCTION AND 

CONSUMPTION DATA APPEAR TO BE MUCH NOISER THAN THE STORAGE DATA. 

IN ADDITION TO THE CHARACTERISTICS RELATING TO PRODUCTION, IN

VENTORY AND CONSUMPTION, HOG PRICE DATA DISPLAYS SYMPTOMS OF THE 

RESEARCH PROBLEM. FIRST, CYCLIC PRICE FLUCTUATIONS DO NOT OCCUR WITH 

EXACTLY THE SAME 4 8 MONTH PERIOD OVER THE YEARS OF PLOTTED DATA. 

SECOND, PRICE AMPLITUDES OF THE RECURRING CYCLES ARE NOT IDENTICAL. 

DURING THE CYCLIC SWING FROM DECEMBER 1 9 5 5 TO DECEMBER 1 9 5 9 . HOG 

PRICES ROSE FROM 11. 5^/LB. FOR A TIME PERIOD OF 2 9 MONTHS AND THEN 

FELL FOR 19 MONTHS BACK TO 11. 5 £ / L B . DURING THE PREVIOUS HOG CYCLE, 

PRICES ROSE AND FELL OVER A PERIOD OF ONLY 4 5 MONTHS. THIS 4 5 MONTH 

CYCLE ENDED AT A PRICE BELOW ITS BEGINNING VALUE IN MARCH 1 9 5 2 . THE 
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p r i c e c y c l e f r o m D e c e m b e r 1 9 5 9 to N o v e m b e r 1 9 6 3 e x p e r i e n c e d o n l y 

a s m a l l c h a n g e i n a m p l i t u d e . C o n v e r s e l y , t h e s u b s e q u e n t c y c l e -

D e c e m b e r 1 9 6 3 t o D e c e m b e r 1 9 6 7 - e x p e r i e n c e d a s i g n i f i c a n t p r i c e 

v a r i a t i o n o v e r i t s 4 8 m o n t h p e r i o d of f l u c t u a t i o n . 

In a n a t t e m p t to p l a n for p r o d u c t i o n o p e r a t i o n s and h o g c o s t s 

m a n y m e a t p a c k e r s f o r e c a s t t h e i r f u t u r e p o r k p r o d u c t i o n . At v a r i o u s 

t i m e s , t h e a c c u r a c y of t h e f o r e c a s t c a n m o d i f y t h e b a s i c p r i c e - m a k i n g 

f o r c e s i n the s y s t e m . F o r e c a s t e d p o r k p r o d u c t i o n and a c t u a l p o r k 

p r o d u c t i o n d a t a i n t h r e e - m o n t h s e g m e n t s i s p l o t t e d i n F i g u r e 3 . T h e 

f o r e c a s t e d data w a s d e r i v e d f r o m i n f o r m a t i o n p u b l i s h e d i n L i v e s t o c k 

and M e a t S i t u a t i o n r e p o r t s ( 1 2 ) . D u r i n g c e r t a i n p e r i o d s of t h e t i m e , 

t h e f o r e c a s t e d t h r e e m o n t h d a t a and t h e r e a l i z e d p r o d u c t i o n d a t a c o r 

r e s p o n d c l o s e l y . C o n v e r s e l y , t h e t w o s e t s of data d i f f e r e d c o n s i d e r a b l y 

d u r i n g o t h e r t i m e p e r i o d s . F o r e x a m p l e f r o m l a t e I 9 6 0 to l a t e 1 9 6 2 , 

t h e t w o v a r i a b l e s c o r r e s p o n d e d c l o s e l y . D u r i n g that SAME TIME PER

i o d l i v e h o g p r i c e s f l u c t u a t e d o v e r a s m a l l r a n g e . C o n v e r s e l y , i n t h e 

p e r i o d 1 9 6 5 and 1 9 6 6 , f o r e c a s t i n g e r r o r s e x i s t e d and h o g p r i c e s f l u c 

t u a t e d o v e r a l a r g e r a n g e . 

H o g P r o d u c t i o n 

T h e t i m e - h i s t o r y b e h a v i o r in F i g u r e 2 r e v e a l s c e r t a i n i n t e r 

e s t i n g hog p r o d u c t i o n c h a r a c t e r i s t i c s . H o g s l a u g h t e r t e n d s to f l u c 

t u a t e o v e r a p e r i o d of y e a r s r e g a r d l e s s of o u t s i d e f a c t o r s . T h e p r i c e 
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c y c l e r u n s o p p o s i t e to t h e p r o d u c t i o n c y c l e : w h e n p r o d u c t i o n i s i n 

c r e a s i n g p r i c e s a r e d e c l i n i n g . A f t e r a t i m e t h e s e m o v e m e n t s w i l l 

r e v e r s e t h e m s e l v e s and p r i c e s w i l l r i s e a s p r o d u c t i o n f a l l s . 

A s w a s n o t e d i n the p r e v i o u s s e c t i o n , p r i c e c y c l e s a r e no t 

e x a c t l y r e g u l a r i n a m p l i t u d e or in t h e i r p e r i o d of o s c i l l a t i o n . E x t r a 

o r d i n a r y c o n d i t i o n s s u c h a s a s h a r p r e d u c t i o n i n f e e d s u p p l i e s m a y e x 

t e n d a c o n t r a c t i o n or s t i f l e a n e x p a n s i o n i n t h e n u m b e r of h o g s that a r e 

i n p r o d u c t i o n . 

A p r o n o u n c e d s e a s o n a l p a t t e r n e x i s t s in the hog i n d u s t r y d a t a . 

T h a t p a t t e r n i s a l s o r e f l e c t e d i n t h e data of F i g u r e 1, M u c h of t h i s 

s e a s o n a l i t y i s p r o d u c e d b y t h e c l i m a t o l o g i c a l and p h y s i o l o g i c a l f a c t o r s 

w h i c h t h e p r o d u c e r s f a c e . P r o d u c t i o n e x p e n s e s s u c h a s f e e d , s h e l t e r , 

and d e a t h l o s s e s a r e g r e a t e r d u r i n g c o l d w e a t h e r t h a n d u r i n g w a r m e r 

w e a t h e r . S i n c e the p r o d u c e r i s l i m i t e d to b r e e d i n g h i s s o w s t w o t i m e s 

a y e a r , t h e m a j o r i t y of p r o d u c e r s b r e e d t h e i r s o w s to f a r r o w in t h e 

s p r i n g and f a l l . T h u s , t w o s e a s o n a l p e a k s i n s o w far r o w i n g s o c c u r . 

A s h o g s a r e u s u a l l y m a r k e t e d s i x to e i g h t m o n t h s a f t e r f a r r o w i n g , t h e 

s e a s o n a l p a t t e r n s i n s l a u g h t e r and h o g p r i c e s a r e l a r g e l y d e t e r m i n e d 

b y t h e p a t t e r n of f a r r o w i n g . 

A l t h o u g h a t t e n t i o n h a s b e e n c a l l e d to t h e s e a s o n a l c h a n g e s i n 

f a r r o w i n g , s l a u g h t e r , and p r i c e , s e a s o n a l i t y i s not one of the f o c a l 

p o i n t s of t h e s y s t e m p r o b l e m u n d e r s t u d y . T h e m o d e l d e v e l o p e d and 

t e s t e d for t h i s r e s e a r c h w i l l be s h o w n to g e n e r a t e s h o r t t e r m f r e q u e n c i e s 
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of v a r i a t i o n w h i c h a p p r o a c h the p e r i o d of the s e a s o n a l p a t t e r n s . If an 

e x o g e n o u s s e a s o n a l f a c t o r w e r e f o r c e d on the f e e d b a c k m o d e l , t h e 

s e a s o n a l p a t t e r n s d i s p l a y e d in F i g u r e s 1 and 2 c o u l d b e g e n e r a t e d . 

H o w e v e r , the f o r c e d s e a s o n a l c o n s i d e r a t i o n s w e r e not b e l i e v e d to b e 

i m p o r t a n t i n t h e s y s t e m of f e e d b a c k r e l a t i o n s h i p s that d e t e r m i n e t h e 

l o n g t e r m hog p r i c e m o v e m e n t . 

H o g p r o d u c t i o n a c t i v i t i e s s h o w a m a r k e d t e n d e n c y to f o l l o w 

c h a n g e s in the l e v e l of h o g p r i c e s . A f t e r a s h o r t d e l a y f o r t h e p r o d u 

c e r to r e a c t to a n a v e r a g e p r i c e l e v e l , the p r o d u c e r w i l l b e g i n to a l t e r 

t h e n u m b e r of s o w s b r e d . F o r e x a m p l e , t h i s a c t i v i t y c a n b e t r a c e d 

s t a r t i n g i n I 9 6 0 a f t e r h o g p r i c e h a s p a s s e d f r o m a b o v e a n e q u i l i b r i u m 

v a l u e , w h e r e it h a s b e e n for a p p r o x i m a t e l y t w o y e a r s , to b e l o w a n 

e q u i l i b r i u m v a l u e . C o r r e s p o n d i n g l y , s e v e r a l m o n t h s l a t e r the n u m b e r 

of s o w f a r r o w i n g s t u r n d o w n w a r d . T h a t d o w n t u r n i s a g a i n r e f l e c t e d i n 

t h e r e d u c t i o n of hog s l a u g h t e r a c t i v i t y . F u r t h e r m o r e , t h e b u i l d u p and 

l i q u i d a t i o n of b r e e d i n g h e r d s a l t e r s t h e f l o w of m a r k e t s u p p l i e s . H e r d 

c a p a c i t y c h a n g e s o c c u r w i t h t h e g r e a t e s t i m p a c t d u r i n g t h o s e t i m e s 

w h e r e p r i c e h a s b e e n r i s i n g o r f a l l i n g at i t s g r e a t e s t r a t e . D u r i n g 

t h o s e t i m e s t h e h o l d i n g of g i l t s or s h i p p i n g of s o w s r e - e n f o r c e s t h e 

r a t e of c h a n g e i n p r i c e . A l t h o u g h t h e r e i s no d a t a a v a i l a b l e o n g i l t s 

r e t a i n e d for h e r d b u i l d - u p or for s o w r e p l a c e m e n t , the a v a i l a b l e d a t a 

o n s o w s l a u g h t e r i n d i c a t e s t h e t e n d e n c y for p r o d u c e r s to r e d u c e t h e i r 



1 9 

h e r d s a f t e r p r i c e s b e g i n the c y c l i c d e c l i n e . 

S t r u c t u r e 

H o g p r o d u c t i o n e n t e r p r i s e s a r e of s u b s t a n t i a l i m p o r t a n c e in 

t h e f a r m e c o n o m y , and p o r k i s a r e g u l a r m e a t i t e m in the c o n s u m e r ' s 

food p u r c h a s e s . T h e s y s t e m s t r u c t u r e w h i c h p r o d u c e s , p r o c e s s e s , 

and d i s t r i b u t e s p o r k c a n b e s e g m e n t e d i n t o four s e c t o r s : 

(a) P r o d u c t i o n 

(b) M e a t P a c k i n g 

(c ) R e t a i l i n g 

(d) C o n s u m p t i o n 

B o t h p o r k and i n f o r m a t i o n f l o w s l i n k t h e s e s e c t o r s t o g e t h e r . In the 

f o l l o w i n g s e c t i o n , s e v e r a l i m p o r t a n t s t r u c t u r a l c h a r a c t e r i s t i c s a r e 

p r e s e n t e d for e a c h s e c t o r . 

P r o d u c t i o n 

T h e q u a n t i t y of h o g s p r o d u c e d d e p e n d s upon the d e c i s i o n s of 

m a n y i n d i v i d u a l s . H o g p r o d u c t i o n i s b a s i c a l l y a s m a l l f a r m e n t e r 

p r i s e . (13) A l a r g e n u m b e r of g e o g r a p h i c a l l y d i s p e r s e d f a r m s p r o d u c e 

a l m o s t a l l of t h e p o r k c o n s u m e d i n t h e U n i t e d S t a t e s . O n l y a s m a l l 

q u a n t i t y of p o r k i s i m p o r t e d . 

V a r y i n g a m o u n t s of t i m e e l a p s e b e t w e e n the p r o d u c t i o n d e c i s i o n 

and the a v a i l a b i l i t y of hog s u p p l i e s . T h e p r o d u c e r c a n a l t e r the f e e d 

i n g p e r i o d for r a i s i n g m a r k e t w e i g h t h o g s ; h o w e v e r , m o s t h o g s a r e 
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m a r k e t e d b e t w e e n t h e a g e s of s i x and e i g h t m o n t h s . T h e s i x - t o -

e i g h t - m o n t h f e e d i n g p e r i o d c o u p l e d w i t h t h e f o u r - m o n t h g e s t a t i o n 

p e r i o d d e l a y s t h e m a r k e t i m p a c t of a p r o d u c t i o n d e c i s i o n . 

A l t h o u g h t e n to t w e l v e m o n t h s a r e r e q u i r e d to c o n v e r t p r o 

d u c t i o n p l a n s i n t o m a r k e t h o g s , p r o d u c t i o n c l e a r l y r e s p o n d s to p r i c e 

l e v e l s . T h e l a r g e n u m b e r of g e o g r a p h i c a l l y d i s p e r s e d f a r m s and t h e 

l o n g p r o d u c t i o n p e r i o d r e s u l t in p r o b l e m s i n c o o r d i n a t e d p r o d u c t i o n 

r e s p o n s e . ( 1 4 ) T h e hog i n d u s t r y o v e r - a d j u s t s i t s o p e r a t i o n s r e l a t i v e 

t o c h a n g e s i n l i v e h o g p r i c e s , and o v e r - a d j u s t m e n t l e a d s to c y c l i c 

b e h a v i o r . 

P r o d u c e r s d e c i d e on a p r o d u c t i o n q u a n t i t y b y c o n s i d e r i n g s u c h 

f a c t o r s a s p a s t a n d c u r r e n t hog p r i c e s , s u p p l i e s a n d p r i c e s of f e e d , 

l a b o r c o s t s , and a l t e r n a t i v e l i v e s t o c k p r o f i t o p p o r t u n i t i e s . H a r l o w 

(15) s h o w s that t h e h o g - c o r n r a t i o h a s b e e n a n " e x t r e m e l y r e l i a b l e " 

i n d i c a t o r of t h e d i r e c t i o n of c h a n g e i n t h e n u m b e r of s o w f a r r o w i n g s . 

H o w e v e r , t h e p r o p o r t i o n a l r e l a t i o n s h i p b e t w e e n t h e r a t i o and the 

n u m b e r of f a r r o w i n g s v a r i e s c o n s i d e r a b l y . S i n c e W o r l d W a r II t h e 

r e l a t i o n s h i p h a s b e e n l e s s c o n s i s t e n t b e c a u s e g o v e r n m e n t p r i c e 

s u p p o r t s and s t o r a g e p r o g r a m s for c o r n h a v e t e n d e d to s t a b i l i z e 

c o r n p r i c e s b y r e d u c i n g e f f e c t s of v a r i a t i o n s in c o r n p r o d u c t i o n . A s 

a r e s u l t h o g p r i c e s h a v e a s s u m e d a m o r e p r o m i n e n t r o l e in d e t e r 

m i n i n g the q u a n t i t y of h o g s p r o d u c e d . (16) 
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T o t r a n s f o r m t h e i r p r o d u c t i o n p l a n s i n t o m a r k e t h o g s , p r o 

d u c e r s m u s t d e t e r m i n e the n u m b e r of s o w s to b r e e d . If t h e p r o p e r 

s o w c a p a c i t y i s no t a v a i l a b l e , f e m a l e h o g s a r e w i t h h e l d f r o m t h e m a r 

k e t s h i p m e n t s of m a t u r e h o g s . If e x c e s s c a p a c i t y e x i s t s , p r o d u c e r s 

s h i p t h e e x t r a s o w s to m a r k e t . 

M e a t P a c k i n g 

H o g p r o d u c e r s u s u a l l y h a v e s e v e r a l c h a n n e l s for m a r k e t i n g 

t h e i r l i v e s t o c k - - p u b l i c t e r m i n a l s t o c k y a r d s , l o c a l a u c t i o n m a r k e t s , 

d i r e c t s a l e s to m e a t p a c k e r s , or s a l e to l i v e s t o c k d e a l e r s . In 1 9 6 4 , 

p a c k e r s p u r c h a s e d 63 p e r c e n t of t h e i r h o g s d i r e c t l y f r o m p r o d u c e r s 

and d e a l e r s . (17 ) 

C o m p a r e d to the n u m b e r of hog p r o d u c e r s , w h i c h n u m b e r e d 

1, 8 4 7 , 0 0 0 i n the 1 9 5 9 C e n s u s of A g r i c u l t u r e , t h e n u m b e r of m e a t 

p a c k i n g c o m p a n i e s i s s m a l l . (18) In 1 9 6 4 f o r t y c o m p a n i e s s l a u g h t e r e d 

and p r o c e s s e d 7 6 . 9 p e r c e n t of the t o t a l c o m m e r c i a l l i v e s t o c k s l a u g h 

t e r . (19) 

T h e r a n g e of a c t i v i t i e s in t h e m e a t p a c k e r s ' s e c t o r i n c l u d e s 

c o n v e r t i n g t h e l i v e hog to a c a r c a s s , d i v i d i n g t h e c a r c a s s in to p o r k 

c u t s , p r o c e s s i n g p o r k c u t s , and p r e p a r i n g p o r k p r o d u c t s . O n c e t h e 

hog i s s l a u g h t e r e d , f r e s h p o r k c u t s and p o r k p r o d u c t s m u s t be m o v e d 

q u i c k l y to t h e r e t a i l i n g s e c t o r , a s c o n s u m e r s p r e f e r f r e s h p o r k s u p 

p l i e s . (20) 
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In g e n e r a l m e a t p a c k e r s c a n s e l l up to 90 p e r c e n t of t h e i r 

p r o d u c t i o n to t h e i r r e g u l a r c u s t o m e r s . (21) T h e p o r t i o n that r e m a i n s 

h a s to be s o l d to t h e p a c k e r s ' l e s s r e g u l a r c u s t o m e r s . P o r k p r i c e s to 

t h e p a c k e r s ' c u s t o m e r s a r e g e n e r a l l y f o r m e d f r o m a p r i c i n g b a s e -

t h e " Y e l l o w S h e e t " . F o r m u l a p r i c i n g c l o s e l y f o l l o w s the p a t t e r n s of 

hog p r i c e m o v e m e n t . A l t h o u g h t h e p a c k e r s c a n g e n e r a l l y s e l l a l l of 

t h e i r p o r k s u p p l i e s , p r i c e c o n c e s s i o n s a r e u s u a l l y n e c e s s a r y . T h u s 

t h e m e a t p a c k e r s a r e c o m m i t t e d to m o v i n g t h e i r p o r k i n v e n t o r i e s w i t h 

l i t t l e b a r g a i n i n g s t r e n g t h i n t h e i r s a l e s m a r k e t . U n a b l e to e x e r t m u c h 

s e l l i n g p r e s s u r e , t h e m e a t p a c k e r s a t t e m p t to c o n t r o l t h e i r r a w m a 

t e r i a l c o s t s - l i v e h o g p r i c e s . 

P a c k e r b i d d i n g f o r l i v e h o g s r e f l e c t s t h e v a l u e w h i c h t h e m e a t 

p a c k e r s a t t a c h to h o g r e c e i p t s . T h a t v a l u e i s d e t e r m i n e d f r o m the e x 

p e c t e d p o r k s a l e s to r e t a i l e r s r e l a t i v e to the e x p e c t e d h o g s u p p l i e s 

f r o m the hog p r o d u c e r s . A n y i n c r e a s e or d e c r e a s e in t h e n o r m a l f l o w 

of m a r k e t h o g s a l t e r s the p a c k e r s ' a s s e s s e d v a l u e of f u t u r e p o r k s u p 

p l i e s and c r e a t e s a r a p i d c h a n g e in t h e b i d d i n g s t r e n g t h for l i v e h o g s . 

T h u s , t h e a v e r a g e p a y i n g p r i c e for l i v e h o g s i s c l o s e l y a s s o c i a t e d 

w i t h the p a c k e r s ' s a l e s a n d p r o d u c t i o n e x p e c t a t i o n s . 

A s t h e g e n e r a l c o n d i t i o n s of p o r k s u p p l y and d e m a n d c h a n g e , 

t h e m e a t p a c k e r s ' e f f i c i e n c y and p r o f i t a b i l i t y a r e a f f e c t e d . L i k e t h e 

p r o d u c e r s , the m e a t p a c k e r s m u s t c o n t i n u a l l y a d j u s t t h e i r o p e r a t i o n s 
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to n e w l e v e l s a s m a r k e t c o n d i t i o n s c h a n g e . 

R e t a i l i n g 

R e t a i l e r s b u y a c o m b i n a t i o n of h o g c a r c a s s e s , p o r k c u t s , and 

p r o c e s s e d p r o d u c t s f r o m t h e m e a t p a c k e r s . B u y i n g w i t h s i g n i f i c a n t 

m a r k e t p o w e r , t h e r e t a i l e r s h a v e b e c o m e i m p o r t a n t c u s t o m e r s to 

e a c h of t h e i r m e a t p a c k e r s u p p l i e r s . (22 ) T h e r e t a i l e r s t a k e a d v a n 

t a g e of a n o v e r s u p p l y s i t u a t i o n b y a d j u s t i n g t h e i r n o r m a l p u r c h a s e s to 

t h e a v a i l a b l e s u p p l i e s and o f f e r i n g s p e c i a l p o r k s a l e s to t h e c o n s u m e r . 

C o n v e r s e l y , a s h o r t a g e in p o r k s u p p l i e s c a u s e s the r e t a i l e r to sh i f t 

t h e p r o m o t i o n a l i n t e r e s t s to a n o t h e r m e a t p r o d u c t and a d j u s t p o r k p u r 

c h a s e s d o w n w a r d . 

R e t a i l e r s do not a d j u s t t h e s e l l i n g p r i c e of p o r k to t h e i r p u r 

c h a s e c o s t a s r a p i d l y a s t h e m e a t p a c k e r s ' s e l l i n g p r i c e a d j u s t s to 

l i v e h o g c o s t s . T h e i n f l u e n c e of a r e t a i l e r s ' p u r c h a s e p r i c e c h a n g e 

i s u s u a l l y d i s t r i b u t e d o v e r a s i x - w e e k p e r i o d . (23 ) T h u s r e t a i l e r s 

a r e a b l e to d i l u t e t h e p r e s s u r e s of i n c r e a s e d or d e c r e a s e d s u p p l i e s b y 

m a i n t a i n i n g b o t h p u r c h a s i n g and p r i c i n g c o n t r o l in t h e i r o p e r a t i o n s . 

C o n s u m p t i o n 

P o r k c o n s u m p t i o n i s c l e a r l y t h e r e f l e c t i o n of h o g p r o d u c t i o n 

r a t h e r than t h e r e f l e c t i o n of a c h a n g e i n b a s i c d e m a n d . T h e b a s i c 

d e m a n d for p o r k h a s not g r o w n on a p e r c a p i t a b a s i s l i k e that for o t h e r 

m e a t p r o d u c t s . (24) 
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C o n s u m e r p u r c h a s e s d e p e n d on the c o n s u m e r ' s t r a d i t i o n a l 

b u y i n g h a b i t s and t h e a v a i l a b i l i t y of p o r k s u p p l i e s . W h e n p r o m o t i o n a l 

s a l e s a r e o f f e r e d , c o n s u m e r s t e n d to a d j u s t t h e i r p u r c h a s e s to t h e 

l e v e l of a v a i l a b l e s u p p l i e s . S i n c e r e t a i l p r i c e s a r e t h e p r i m a r y p r o 

m o t i o n a l a t t r a c t i o n , the r e t a i l i n g p r i c i n g m e c h a n i s m m u s t f u n c t i o n to 

e s t a b l i s h t h e p r o p e r p r i c e r e l a t i v e to the a v a i l a b l e s u p p l i e s of t h e 

r e t a i l e r . 
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C H A P T E R IV 

R E S E A R C H H Y P O T H E S I S 

T h e b e h a v i o r a l c h a r a c t e r i s t i c s and o r g a n i z a t i o n a l s t r u c t u r e s 

r e l a t i n g to the r e s e a r c h p r o b l e m h a v e b e e n d e s c r i b e d in the p r e v i o u s 

c h a p t e r . U n d e r s t a n d i n g h o w t h o s e c h a r a c t e r i s t i c s and s t r u c t u r e s r e 

l a t e to o n e a n o t h e r h e l p s to p r o v i d e i n s i g h t in to t h e s y s t e m s n a t u r e of 

t h e l o n g - t e r m p r i c e m o v e m e n t s . In t h i s c h a p t e r a s y s t e m of f e e d b a c k 

r e l a t i o n s h i p s i s h y p o t h e s i z e d t o u n d e r l i e t h e d y n a m i c b e h a v i o r of t h e 

p o r k s y s t e m . B a s e d o n t h e r e s e a r c h h y p o t h e s i s a q u a l i t a t i v e d e s c r i p 

t i o n of t h e f e e d b a c k m o d e l i s i n c l u d e d to p r o v i d e t h e r e a d e r w i t h a 

g r a s p of the s y s t e m c o n s i d e r a t i o n s b e l i e v e d to b e i m p o r t a n t . 

H y p o t h e s i z e d F e e d b a c k S t r u c t u r e s 

T h e h y p o t h e s i z e d s y s t e m of f e e d b a c k r e l a t i o n s h i p s i s s h o w n i n 

F i g u r e 4 . T h e f o l l o w i n g s e q u e n c e of e v e n t s d e s c r i b e s h o w the f e e d 

b a c k s y s t e m f u n c t i o n s . T h e m e a t p a c k i n g i n d u s t r y e x p e r i e n c e s a n 

i n c r e a s e i n t h e p o r k input r a t e ( h o g s a r e s h i p p e d at h e a v i e r w e i g h t s ) , 

and the p a c k e r s a r e p l a c e d u n d e r h e a v y p r e s s u r e to c l e a r t h e a d d e d 

p o r k f r o m t h e i r i n v e n t o r y . A s s u c h , the m e a t p a c k e r s a t t e m p t to 

i n c r e a s e t h e s a l e s to t h e i r r e g u l a r r e t a i l c u s t o m e r s ( L o o p B ) . A s 

t h e r e t a i l e r s o b s e r v e a n e w l e v e l of p o r k s u p p l i e s on the m a r k e t , 
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t h e y b e g i n to a d j u s t t h e i r n o r m a l p u r c h a s e o r d e r s . T h e r e t a i l e r ' s 

i n v e n t o r i e s g r o w and p r o m o t i o n a l p o r k s a l e s a r e o f f e r e d to p o r k c o n 

s u m e r s . T h e n , i n t u r n t h e c o n s u m e r s a d j u s t t h e i r n o r m a l p u r c h a s e s 

of p o r k to t h e i n c r e a s e d a v a i l a b l e s u p p l i e s o f f e r e d for s a l e by the 

r e t a i l o u t l e t s ( L o o p G ) . In L o o p E r e t a i l e r s a t t e m p t to m a i n t a i n a 

d e s i r e d i n v e n t o r y l e v e l . S i n c e t h e r e t a i l e r s do not r e s p o n d i m m e d i 

a t e l y t o i n c r e a s e d a v a i l a b i l i t y , t h e p a c k e r s ' i n v e n t o r i e s g r o w . T h a t 

g r o w t h c r e a t e s a c h a n g e in t h e v a l u e w h i c h t h e p a c k e r s p l a c e on f u 

t u r e hog r e c e i p t s ( L o o p C ) . 

T h e v a l u e of p o r k c h a n g e s a s a r e s u l t of t h e ne t d i f f e r e n c e b e 

t w e e n f o r e c a s t e d p o r k r e c e i p t s and a v e r a g e r e t a i l d e m a n d . V a l u e 

i n c r e a s e s w h e n p o r k s a l e s i n c r e a s e or w h e n t h e f o r e c a s t d e c r e a s e s 

and v i c e - v e r s a . S i n c e t h e m e a t p a c k e r s m a i n t a i n a p o o r b a r g a i n i n g 

p o s i t i o n r e l a t i v e to t h e r e t a i l e r s , the p a c k e r s m u s t a c t to r e d u c e 

t h e i r r a w m a t e r i a l input c o s t s . T h u s r e d u c e d p o r k v a l u e s c a u s e 

l o w e r p r i c e s to be b i d for l i v e h o g s . T h e m e a t p a c k e r s a t t e m p t to 

i n c r e a s e t h e i r s a l e s to t h e r e t a i l o u t l e t s ; y e t , p a c k e r s a l e s a r e l a r g e l y 

u n a f f e c t e d b y s a l e s p r e s s u r e f r o m t h e m e a t p a c k e r s . 

I n c r e a s e d c o n s u m e r b u y i n g i s r e f l e c t e d to t h e r e t a i l i n d u s t r y 

t h r o u g h the c o u p l i n g L o o p F . R e t a i l e r s r e s p o n d to a g r o w i n g c o n s u 

m e r d e m a n d b y i n c r e a s i n g t h e i r n o r m a l o r d e r s to the m e a t p a c k e r s . 

If the i n c r e a s e in the p o r k input r a t e s u s t a i n s i t s e l f , t h e m e a t 
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p a c k e r s w i l l c h a n g e t h e i r f o r e c a s t e d p o r k p r o d u c t i o n ( L o o p A ) . B a s e d 

o n the a m o u n t of p o r k e x p e c t e d and t h e l e v e l of p o r k in i n v e n t o r y , t h e 

m e a t p a c k e r s f o r m u l a t e t h e i r e x p e c t e d p o r k a v a i l a b i l i t y . U s i n g e x 

p e c t e d p o r k a v a i l a b i l i t y in c o n j u n c t i o n w i t h t h e a v e r a g e r e t a i l s a l e s , 

t h e p a c k e r s d e t e r m i n e t h e b i d d i n g s t r e n g t h for l i v e h o g s ( L o o p C ) . 

A n i n c r e a s e in t h e f o r e c a s t w i t h o u t a c o r r e s p o n d i n g i n c r e a s e in a v e r 

a g e s a l e s r e d u c e s t h e v a l u e of p o r k s u p p l i e s ; c o n s e q u e n t l y , l o w e r 

p r i c e s a r e o f f e r e d for l i v e h o g s . A s t h e l e v e l of s a l e s i n c r e a s e 

t h r o u g h t h e r e t a i l e r s ' and c o n s u m e r s ' a d j u s t m e n t s , p o r k s u p p l i e s 

a g a i n b e c o m e v a l u a b l e and t h e p a c k e r s b id up the p r i c e s of h o g s . 

H o g p r o d u c e r s w a t c h the p r i c e s b e i n g pa id for t h e i r l i v e s t o c k 

( L o o p s K and I ) . A c c o r d i n g l y , p r o d u c e r s a l t e r t h e i r p a s t r a t e of h o g 

p r o d u c t i o n and the t i m e t a k e n for f e e d i n g h o g s to m a r k e t w e i g h t 

( L o o p s J , L , M ) . A d e c l i n i n g p r i c e l e v e l i n d u c e s a r e d u c t i o n i n t h e 

h o g p r o d u c t i o n r a t e ( L o o p s L and M ) . C o r r e s p o n d i n g l y , p r i c e d e 

c l i n e s c a u s e c u t b a c k s on the a v a i l a b l e s o w b r e e d i n g c a p a c i t y ( L o o p s P 

and S ) . C a p a c i t y r e d u c t i o n s f l o w to t h e m e a t p a c k e r and add to t h e 

p a c k e r s ' p o r k s u p p l i e s . A s p r i c e s f a l l , p r o d u c e r s t e n d to f e e d t h e i r 

h o g s to a l i g h t e r f i n i s h w e i g h t ( L o o p J ) . 

P r o d u c e r s r a p i d l y a d j u s t t h e i r hog p r o d u c t i o n r a t e and s o w c a 

p a c i t y a v a i l a b i l i t y and a t t i m e s t h e a v a i l a b l e s o w c a p a c i t y m a y l i m i t 

t h e d e s i r e d hog s t a r t r a t e ( L o o p Q) . L o o p O m o n i t o r s t h e p i g 
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p r o d u c t i o n i n t e n t i o n s . 

M o v e m e n t c o n t i n u e s in the m a j o r s y s t e m v a r i a b l e s , and t h e 

m e a t p a c k e r s ' a s s e s s e d v a l u e of p o r k s u p p l i e s t u r n s u p w a r d . A l 

t h o u g h t h e m e a t p a c k e r s r e a c h a n e q u i l i b r i u m c o n d i t i o n in t h e i r e n 

v i r o n m e n t , the o t h e r s y s t e m p a r t i c i p a n t s c o n t i n u e to a d j u s t t h e i r 

a c t i v i t i e s t o w a r d e q u i l i b r i u m p o s i t i o n s . T h e s y s t e m i s c a r r i e d b e 

yond an e q u i l i b r i u m c o n d i t i o n b y c o r r e c t i o n s p r e v i o u s l y m a d e i n t h e 

s y s t e m . 

T h e p r i m a r y o v e r a d j u s t m e n t o c c u r s in the p r o d u c t i o n s e c t o r a s 

t h e p r o d u c e r s o v e r - r e s p o n d to a f a l l i n g p r i c e . 

O n c e the p r o d u c t i o n s c u t b a c k s a r e f e l t i n the m a r k e t , t h e p o r k 

v a l u e s i n c r e a s e in t h e m e a t p a c k e r s ' s e c t o r . A g a i n , t h e s y s t e m 

a t t e m p t s to c o r r e c t t h e s e c i r c u m s t a n c e s b y a d j u s t i n g t h e b i d d i n g 

s t r e n g t h for l i v e h o g s . T h e c y c l e s o o n r e v e r s e s i t s e l f a s t h e s y s t e m 

p a r t i c i p a n t s a t t e m p t to m a i n t a i n s t a b l e o p e r a t i o n s . 

T h e e n t i r e s y s t e m r e a c t s to the f o r c e s g e n e r a t e d f r o m the o b 

s e r v a t i o n of e n v i r o n m e n t a l c o n d i t i o n s . F o r the c o n s u m e r s , t h e 

a v a i l a b l e s u p p l y of p o r k i n r e l a t i o n to t h e i r n o r m a l p u r c h a s e s c r e a t e s 

b u y i n g a d j u s t m e n t s . F o r t h e r e t a i l e r s , t h e p o r k b e i n g o f f e r e d for 

s a l e r e l a t i v e to t h e i r n o r m a l o r d e r s b r i n g s f o r t h o r d e r i n g c o r r e c 

t i o n s . F o r the p r o d u c e r s , n e w p r i c e l e v e l s g i v e r i s e to p r o d u c t i o n 

c h a n g e s . F o r the m e a t p a c k e r s , f o r e c a s t e d p o r k r e c e i p t s r e l a t i v e 
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to t h e i r p a s t s a l e s c r e a t e s p o r k v a l u e . 

Q u a l i t a t i v e D e s c r i p t i o n of the F e e d b a c k M o d e l 

T h e f e e d b a c k l o o p s and the s e q u e n c e of e v e n t s i n t h o s e l o o p s 

d e s c r i b e d in t h e p r e v i o u s s e c t i o n c o n s t i t u t e t h e r e s e a r c h h y p o t h e s i s . 

In t h i s s e c t i o n a q u a l i t a t i v e d e s c r i p t i o n of the f e e d b a c k s t r u c t u r e s 

p r o v i d e s t h e r e a d e r w i t h a g r a s p on the s y s t e m m e c h a n i s m b e l i e v e d 

s i g n i f i c a n t . T h e d e s c r i p t i o n i s d i v i d e d i n t o t h r e e s e c t i o n s : 

1. P r o d u c t i o n C o n t r o l 

2 . S o w C a p a c i t y C o n t r o l 

3 . D i s t r i b u t i o n C o n t r o l 

T h e m o d e l f l o w d i a g r a m of F i g u r e 5 d i s p l a y s t h e s y s t e m s t r u c t u r e in 

t e r m s of c o n v e n t i o n a l i n d u s t r i a l d y n a m i c s f l o w s y m b o l s . 

P r o d u c t i o n C o n t r o l 

P r o d u c e r s d e t e r m i n e a H o g P r o d u c t i o n R a t e w h i c h f l o w s i n t o a 

b a c k l o g of P i g P r o d u c t i o n I n t e n t i o n s . W h e n S o w C a p a c i t y i s a v a i l a b l e , 

t h e P r o d u c t i o n S t a r t R a t e t r a n s f o r m s t h e i n t e n t i o n s in to t h e P i g s 

M a t u r i n g . A g e s t a t i o n d e l a y of four m o n t h s and a m i n i m u m m a r k e t 

w e i g h t d e l a y of f i v e m o n t h s m u s t o c c u r b e f o r e the h o g s f l o w in to the 

M a t u r e H o g I n v e n t o r y , A f t e r a d e l a y f o r f e e d i n g the hog to m a r k e t 

w e i g h t t h e h o g s a r e s h i p p e d to m a r k e t . T h e f e e d i n g d e l a y i s d e p e n 

d e n t upon t h e a v e r a g e l e v e l of hog p r i c e s in the m a r k e t . 

T h e p r o d u c e r s 1 d e c i s i o n v a r i a b l e - - H o g P r o d u c t i o n R a t e — h a s 



F i g u r e 5. F l o w D i a g r a m of t h e M o d e l S t r u c t u r e 
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b e e n f o r m u l a t e d to r e p r e s e n t the a g g r e g a t e a c t i o n s of t h e n u m e r o u s 

m a r k e t p r o d u c e r s . O n e c o m p o n e n t , A v e r a g e S o w S c r a p , p l a c e s p i g s 

i n t o p r o d u c t i o n b a s e d on the a v e r a g e l e v e l of s o w r e p l a c e m e n t due to 

o l d a g e . A s e c o n d c o m p o n e n t , A v e r a g e S h i p p i n g R a t e , r e p r e s e n t s 

t h e t h r o u g h p u t of m a r k e t h o g s . T h e t h r o u g h p u t c o n c e p t r e l a t e s to t h e 

p r o d u c e r ' s d e s i r e to c o n f o r m to h i s p a s t p r o d u c t i o n p r a c t i c e s . T h e 

f i n a l c o m p o n e n t , H o g I n v e n t o r y C o r r e c t i o n a r i s e s f r o m two s e p a r a t e 

and c r i t i c a l s y s t e m c o n d i t i o n s . F i r s t the p r o d u c e r m u s t c o n t r o l the 

n u m b e r of h o g s in t h e M a t u r e H o g I n v e n t o r y . T h e n e e d for c o n t r o l 

a r i s e s f r o m t h e p r o d u c e r ' s f i n a n c i a l r e s o u r c e s , s p a c e , and l a b o r 

a v a i l a b i l i t y . 

S e c o n d l y , H o g I n v e n t o r y C o r r e c t i o n s a r e d e p e n d e n t on A v e r a g e 

H o g p r i c e s . H i g h p r i c e s s t i m u l a t e e x p a n s i o n of p a s t p r o d u c t i o n . C o r 

r e s p o n d i n g l y , a l o w p r o f i t l e v e l s t i m u l a t e s c o n t r a c t i o n . E x p a n s i o n or 

c o n t r a c t i o n c h a n g e s a r e s i g n a l e d b y a n o n l i n e a r d e p e n d e n c y on A v e r a g e 

H o g P r i c e s ( F i g u r e 6 ) . T h e n o r m a l s t o c k s of m a t u r e h o g s a r e f o r 

m u l a t e d f r o m the A v e r a g e S h i p p i n g R a t e and t h e s t o c k ' s t u r n o v e r t i m e . 

U s i n g t h e F r a c t i o n C h a n g e and the N o r m a l H o g I n v e n t o r y L e v e l , a 

D e s i r e d M a t u r e H o g I n v e n t o r y i s c a l c u l a t e d . C o m p a r i n g t h e 

a c t u a l s t o c k s of m a t u r e h o g s w i t h t h e d e s i r e d l e v e l of s t o c k s , 

t h e p r o d u c e r a d j u s t s t h e d i f f e r e n c e o v e r a p e r i o d of s e v e r a l 

m o n t h s . T h e H o g A d j u s t m e n t T i m e r e p r e s e n t s t h e d e s i r e d d e l a y 
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o v e r w h i c h the p r o d u c e r w i s h e s to c o r r e c t the o b s e r v e d d i f f e r e n c e . 

A s the a d j u s t m e n t t i m e i n c r e a s e s , the H o g P r o d u c t i o n R a t e d e c r e a s e s , 

and v i c e v e r s a . 

S o w C a p a c i t y C o n t r o l 

In the m o d e l s t r u c t u r e r e l a t i n g to s o w c a p a c i t y the p r o d u c e r 

r e g u l a t e s h i s b r e e d i n g s t o c k t h r o u g h S o w S h i p p i n g and Gi l t R e t e n t i o n 

a c t i v i t i e s . M a i n t a i n i n g i d l e c a p a c i t y i s e x p e n s i v e due to f e e d i n g 

c o s t s and e a s e of o b t a i n i n g n e w c a p a c i t y . C o n s e q u e n t l y , p r o d u c e r s 

t e n d to h o l d o n l y t h o s e s o w s n e e d e d to fu l f i l l t h e i r c u r r e n t h o g p r o 

d u c t i o n a c t i v i t i e s . C a p a c i t y c h a n g e s r e s u l t f r o m t h e p r o d u c e r s ' 

d e s i r e f i r s t to m a i n t a i n s u f f i c i e n t c a p a c i t y to m e e t t h e A v e r a g e H o g 

P r o d u c t i o n R a t e a n d s e c o n d l y , a d j u s t t h e P i g P r o d u c t i o n I n t e n t i o n s 

t o a d e s i r e d l e v e l . G i l t s H e l d r e d u c e the f l o w of h o g s into the M a t u r e 

H o g I n v e n t o r y . C o r r e s p o n d i n g l y S o w S h i p m e n t s i n c r e a s e s the f l o w 

of h o g s to the m a r k e t . T h e s o w c a p a c i t y s t r u c t u r e i s c o u p l e d to t h e 

m a i n f l o w path of h o g s t h r o u g h i n f o r m a t i o n a b o u t t h e p r o d u c e r s ' H o g 

P r o d u c t i o n R a t e . U s i n g a v e r a g e d i n f o r m a t i o n one c o m p o n e n t o f the 

S o w C a p a c i t y D e s i r e d F o r B r e e d i n g i s f o r m e d b y t h e r a t i o of A v e r a g e 

H o g P r o d u c t i o n R a t e a n d the P i g P e r S o w c o n s t a n t . T h e s e c o n d c o m 

p o n e n t of d e s i r e d c a p a c i t y r e p r e s e n t s t h e s o w c a p a c i t y n e e d e d to 

c o r r e c t a n y i m b a l a n c e i n t h e D e s i r e d P i g P r o d u c t i o n I n t e n t i o n s and 

t h e a c t u a l P i g P r o d u c t i o n I n t e n t i o n s w i t h i n the a d j u s t m e n t t i m e P P L J T . 
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D e s i r e d P i g P r o d u c t i o n I n t e n t i o n s c a n be s a t i s f i e d w i t h the S o w C a p a 

c i t y A v a i l a b l e F o r B r e e d i n g , t h e r e q u i r e d b r e e d i n g d e l a y , D l , and 

t h e P i g s P e r S o w c o n s t a n t , P P S . 

S o w C a p a c i t y C o r r e c t i o n s a d j u s t t h e a v a i l a b l e b r e e d i n g c a p a c i t y . 

D e p e n d i n g upon t h e r e l a t i v e m a g n i t u d e s of the S o w C a p a c i t y D e s i r e d 

F o r B r e e d i n g a n d t h e S o w C a p a c i t y A v a i l a b l e F o r B r e e d i n g , p r o d u c e r s 

a c t to r e t a i n g i l t s t h r o u g h N e w S o w A d d e d and to m a r k e t s o w s t h r o u g h 

S o w S h i p m e n t s . T h e r e p l a c e m e n t of o ld s o w s t h r o u g h A v e r a g e S o w 

S c r a p m a k e s up t h e r e m a i n d e r of t h e c a p a c i t y d e c i s i o n . 

S o w B r e e d i n g R a t e i s i m p l i e d b y t h e P r o d u c t i o n S t a r t R a t e . 

A f t e r a g e s t a t i o n d e l a y of four m o n t h s and a w e a n i n g d e l a y of t w o 

m o n t h s , the S o w F i n i s h R a t e a d d s to a v a i l a b l e c a p a c i t y . S o w s S h i p 

m e n t s d r a i n the a v a i l a b l e c a p a c i t y a s s o w s a r e m a r k e t e d . 

T h e s o w c a p a c i t y s e c t o r and t h e p r o d u c t i o n s e c t o r a r e c o u p l e d 

t h r o u g h the P r o d u c t i o n S t a r t R a t e and t h e M a t u r e F i n i s h R a t e . At 

t i m e s t h e m a g n i t u d e of the a v a i l a b l e c a p a c i t y c a n l i m i t t h e P r o d u c t i o n 

S t a r t R a t e and thus a l t e r p r o d u c t i o n s e c t o r ' s r e s p o n s e to the H o g 

P r o d u c t i o n R a t e . A t t h e M a t u r e F i n i s h R a t e , young f e m a l e h o g s a r e 

w i t h h e l d i n a c c o r d a n c e w i t h t h e p r o d u c e r ' s c a p a c i t y d e c i s i o n to r e 

p l a c e o ld s o w , a n d b u i l d h i s b r e e d i n g l e v e l s . 

D i s t r i b u t i o n C o n t r o l 

T a k e n t o g e t h e r the p r o d u c t i o n and c a p a c i t y s t r u c t u r e c o n t a i n 
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t h e p r o d u c t i o n a c t i v i t i e s of the p o r k s y s t e m . T h e d i s t r i b u t i o n s t r u c 

t u r e c o n t a i n s the a c t i v i t i e s of t h r e e s y s t e m s e c t o r s - - m e a t p a c k i n g , 

r e t a i l i n g , and c o n s u m p t i o n . 

M e a t P a c k i n g . T h e p r i m a r y d e c i s i o n b e i n g s t u d i e d in the M e a t 

P a c k e r s e c t o r c o n c e r n s h o g p r i c i n g . T h e p a c k e r h a s p r a c t i c a l l y no 

b a r g a i n i n g s t r e n g t h o v e r the r e t a i l s e g m e n t . P o r k s u p p l i e s m u s t b e 

m o v e d q u i c k l y i n t o t h e d i s t r i b u t i o n s y s t e m . A s a v a i l a b l e m e a t s u p 

p l i e s f l u c t u a t e p a c k e r s s e n s e d i f f e r e n t v a l u e s for t h e l i v e h o g . F o r 

e x a m p l e , r e d u c e d s u p p l i e s of p o r k c r e a t e h i g h e r v a l u e s of m e a t , t h u s , 

t h e p a c k e r s t end to b id l i v e s t o c k p r i c e s h i g h e r . On the o t h e r h a n d , 

i n c r e a s e d s u p p l i e s r e d u c e t h e v a l u e of t h e i r p r o d u c t and p r i c e s for 

h o g s a r e l o w e r e d . In e s s e n c e t h e p a c k e r s c a n n o t e x e r t p r e s s u r e 

upon t h e r e t a i l i n d u s t r y but c a n c o n t r o l the p r i c e s pa id for l i v e h o g s . 

T o c o n t r o l t h e p r i c e s pa id for h o g s , b i d d i n g s t r e n g t h d e p e n d s 

o n the i m b a l a n c e of F o r e c a s t e d P o r k Input R a t e , D e s i r e d C a r r y - o v e r , 

F r o z e n and C u r e d I n v e n t o r y and i n a d d i t i o n , to t h e A v e r a g e R e t a i l 

D e m a n d . T h e net d i f f e r e n c e r e p r e s e n t s t h e v a l u e of t h e p a c k e r s ' 

m e a t s u p p l i e s . C h a n g e s in the hog p r i c e s a r e d e r i v e d f r o m a r a t i o 

of t h e net d i f f e r e n c e to t h e P r i c e A d j u s t m e n t p a r a m e t e r . 

R e t a i l i n g . In t h e r e t a i l s e c t o r the p r i m a r y d e c i s i o n b e i n g 

s t u d i e d i s r e t a i l o r d e r i n g . T h e r e t a i l e r s d e t e r m i n e t h e i r o r d e r r a t e 

t o t h e m e a t p a c k e r s b a s e d on a d e s i r e to m e e t t h e A v e r a g e C o n s u m e r 
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D e m a n d and c o n t r o l t h e p o r k s u p p l i e s in R e t a i l I n v e n t o r y . T h e d i f f e r 

e n c e b e t w e e n t h e D e s i r e d R e t a i l I n v e n t o r y and the a c t u a l R e t a i l I n v e n 

t o r y i s c o r r e c t e d o v e r t h e R e t a i l e r s 1 A d j u s t m e n t T i m e . In a d d i t i o n , 

o r d e r s g e n e r a t e d b y t h e r e t a i l e r s r e s p o n d to the p o r k s u p p l i e s w h i c h 

a r e b e i n g o f f e r e d for s a l e by the m e a t p a c k e r s . T h e r e t a i l e r s r e c o g 

n i z e t h e m e r i t s of s p e c i a l s a l e s or d e - e m p h a s i s of p o r k p r o d u c t s d u r 

i n g t h o s e t i m e s w h e n p o r k s u p p l i e s a r e a b n o r m a l ; h e n c e r e t a i l e r s 

d e t e r m i n e the R e t a i l O r d e r A d j u s t m e n t b a s e d on t h e i m b a l a n c e b e 

t w e e n N o r m a l R e t a i l O r d e r s and t h e D e s i r e d P a c k e r P o r k S a l e s . A n y 

i m b a l a n c e i s a d j u s t e d o v e r the R e t a i l O r d e r A d j u s t m e n t T i m e . 

C o n s u m p t i o n . T h e p r i m a r y d e c i s i o n in t h e c o n s u m p t i o n s e c t o r 

c o n c e r n s c o n s u m e r b u y i n g of p o r k p r o d u c t s . T h e d e c i s i o n m e c h a n i s m 

r e s p o n d s to T r a d i t i o n a l C o n s u m e r D e m a n d and C o n s u m e r P u r c h a s e 

A d j u s t m e n t s . C o n s u m e r s b u y t h e i r N o r m a l P u r c h a s e s a d j u s t e d e i t h e r 

h i g h e r or l o w e r in r e s p o n s e to a v a i l a b l e s u p p l i e s . A d j u s t m e n t s a r e 

m a d e o v e r t h e B u y i n g A d j u s t m e n t T i m e . 

Q u a n t i t a t i v e M o d e l 

T h e f e e d b a c k m o d e l d e s c r i b e d q u a l i t a t i v e l y w a s t r a n s f o r m e d 

i n t o a s y s t e m of f i r s t o r d e r d i f f e r e n c e e q u a t i o n for the p u r p o s e of 

t e s t i n g t h e r e s e a r c h h y p o t h e s e s . N o n l i n e a r i t y and c o m p l e x i t y of t h e 

s y s t e m of e q u a t i o n s n e c e s s i t a t e d m o d e l s y n t h e s i s and e x p e r i m e n t a t i o n 

b a s e d o n c o m p u t e r s i m u l a t i o n . Wi th t h e a i d of t h e D y n a m o l a n g u a g e , 
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t h e s y s t e m of e q u a t i o n s c a n be s o l v e d s e q u e n t i a l l y o v e r t i m e and t h e 

r e s u l t i n g s y s t e m b e h a v i o r s t u d i e d . 

M o d e l s y n t h e s i s w a s a g o a l s e e k i n g a c t i v i t y . T h e g o a l s o u g h t 

w a s a f e e d b a c k s t r u c t u r e w h i c h r e a l i s t i c a l l y p r o d u c e d the c h a r a c t e r 

i s t i c b e h a v i o r b e i n g s t u d i e d . T o r e a c h t h i s g o a l v a r i o u s l o o p c o n 

f i g u r a t i o n s , p a r a m e t e r s , and c o u p l i n g s w e r e c h o s e n r e l a t i v e t o the 

s y m p t o m a t i c b e h a v i o r . 

T h e m o d e l s t r u c t u r e in F i g u r e 5 d i s p l a y s the en d p r o d u c t of the 

s y n t h e s i s p r o c e s s . A c o m p l e t e l i s t i n g of t h e m o d e l ' s e q u a t i o n s , s y s 

t e m d e l a y s , c o n s t a n t s , a d j u s t m e n t t i m e s , and v a r i a b l e i d e n t i f i c a t i o n 

i s p r o v i d e d in t h e A p p e n d i c e s . 
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C H A P T E R V 

M O D E L A N A L Y S I S 

T h i s c h a p t e r d e v e l o p s a n u n d e r s t a n d i n g of t h e p o r k s y s t e m ' s 

c y c l i c m o v e m e n t and c a u s a l m e c h a n i s m s u n d e r l y i n g t h e m o v e m e n t . 

T h e s i m u l a t i o n e x p e r i m e n t s s e l e c t e d for t h e m o d e l a n a l y s i s p r o v i d e 

(a) a d e m o n s t r a t i o n t h a t t h e i n f o r m a t i o n f e e d b a c k m o d e l g e n e r a t e s t h e 

d e s i r e d m o d e s of b e h a v i o r i n a l o g i c a l and c o n s i s t e n t m a n n e r and (b) 

a n a s s e s s m e n t of e a c h l o o p ' s i m p o r t a n c e i n c o n t r o l l i n g the s y s t e m ' s 

r e s p o n s e . 

D e s c r i p t i o n of the B a s i c M o d e l ' s B e h a v i o r 

A s t e p input to t h e m e a t p a c k e r s ' o p e r a t i o n s i s u s e d a s the b a s i c 

m o d e l t e s t f u n c t i o n . T h e input c r e a t e s e x c e s s i v e p o r k s u p p l i e s and 

f o r c e s the v a r i o u s m o d e l s e c t o r s to a d j u s t t h e i r a c t i v i t i e s to n e w s y s 

t e m s t a t e s . M o d e l v a r i a b l e s a r e s e q u e n t i a l l y c a l c u l a t e d e v e r y o n e -

t e n t h of a m o n t h and p l o t t e d a s a f u n c t i o n of m o n t h l y e l a p s e d t i m e f r o m 

i n i t i a l m o d e l c o n d i t i o n s . T a b l e 1 s h o w s t h e s y m b o l i c r e p r e s e n t a t i o n 

of the m o d e l v a r i a b l e s w h i c h a r e p l o t t e d for i l l u s t r a t i v e p u r p o s e s i n 

t h i s c h a p t e r . 

In t h e f o l l o w i n g two s e c t i o n s the m o d e l ' s v a l i d i t y and g e n e r a l 

b e h a v i o r a r e d i s c u s s e d . 
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T a b l e 1. M o d e l V a r i a b l e I d e n t i f i c a t i o n F o r S i m u l a t i o n P l o t s 

M o d e l V a r i a b l e * S y m b o l R e p r e s e n t e d b y 

P r i c e of H o g s P H P 
S l a u g h t e r R a t e A u x i l i a r y S R A 1 S 
H o g P r o d u c t i o n R a t e H P R I 
H o g I n v e n t o r y C o r r e c t i o n s HIC G 
S o w F a r r o w i n g R a t e S F R F 
S o w S h i p m e n t s SS Z 
S o w C a p a c i t y C o r r e c t i o n s sec O 
S o w C a p a c i t y sc w 
F r o z e n a n d C u r e d I n v e n t o r y F A CI N 
C o n s u m e r D e m a n d R a t e C D R C 
P o r k Input R a t e P K I R K 
D e s i r e d P a c k e r S a l e s R a t e D P S R D 
A v e r a g e R e t a i l D e m a n d A R D R 

* E a c h n u m e r i c a l v a l u e , e x c e p t for P H , m u s t b e m u l t i p l i e d b y 10^ 
b e f o r e c o m p a r i s o n i s m a d e to the a c t u a l p o r k s y s t e m d a t a . 



F i g u r e 7 . B a s i c M o d e l , 10% S t e p Input, H o g P r o d u c t i o n V a r i a b l e s 

4 ^ 



F i g u r e 8 . B a s i c M o d e l , 10% S t e p Input , S o w C a p a c i t y V a r i a b l e s 



f * H S . S Sff www vw w * i i 

V 

r * » * » t** * 

F i g u r e 9 . B a s i c M o d e l , 10% S t e p Input, P o r k D i s t r i b u t i o n V a r i a b l e s 
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C o n s t r u c t and R e s p o n s e V a l i d i t y for the B a s i c M o d e l 

T h e m o d e l g e n e r a t e s t h e p o r k s y s t e m ' s b e h a v i o r v i a the s t r u c 

t u r e of i n f o r m a t i o n f e e d b a c k Loops i d e n t i f i e d in the p r e v i o u s c h a p t e r . 

W i t h i n t h e f e e d b a c k s t r u c t u r e s , d e c i s i o n - m a k i n g p r o c e s s e s c o n v e r t 

i n f o r m a t i o n about c e r t a i n s y s t e m c o n d i t i o n s i n t o s e c t o r a c t i v i t i e s . 

T h e s e a c t i v i t i e s a r e g o v e r n e d b y p o l i c y s t a t e m e n t s w h i c h a p p r o x i m a t e 

t h e d o m i n a n t r e s p o n s e r e l a t i o n s h i p s of n u m e r o u s d e c i s i o n m a k e r s . 

T h e m o d e l ' s f e e d b a c k s t r u c t u r e s w e r e d e v e l o p e d u s i n g a c t u a l s y s t e m 

d e l a y t i m e s , p o l i c y s t a t e m e n t s , and m a r k e t s t r u c t u r e s w h i c h e x i s t 

w i t h i n t h e s y s t e m b o u n d a r i e s of the r e s e a r c h p r o b l e m . S y s t e m v a r 

i a b l e s w e r e s e l e c t e d a n d i n t e r c o n n e c t e d b a s e d o n k n o w l e d g e ab ou t t h e 

a c t u a l s y s t e m o p e r a t i o n s and the p r i n c i p l e s of d y n a m i c s y s t e m s a n a 

l y s i s . 

T h e m o d e l ' s r e s p o n s e to the s t e p input t e s t f u n c t i o n p r o v i d e s a 

t e s t of r e s p o n s e v a l i d i t y . T h e m o d e l s h o u l d g e n e r a t e t i m e p a t t e r n s 

of b e h a v i o r that do not d i f f e r in a n y s i g n i f i c a n t w a y , r e l a t i v e to the 

o b j e c t i v e s of the s t u d y , f r o m the a c t u a l s y s t e m . (25) T h e t i m e p a t 

t e r n s of b e h a v i o r s h o w n i n F i g u r e s 7, 8, and 9 r e s u l t f r o m a t e n p e r 

c e n t s t e p input a p p l i e d to t h e b a s i c m o d e l ( F i g u r e 5 and A p p e n d i c e s ) . 

C e r t a i n b e h a v i o r a l c h a r a c t e r i s t i c s in t h e m o d e l ' s p e r f o r m a n c e p a t 

t e r n s a r e p e r t i n e n t f e a t u r e s of r e s p o n s e v a l i d i t y . F i r s t l o n g - t e r m 

c y c l e s i n t h e m a j o r v a r i a b l e s o c c u r w i t h t h e f o l l o w i n g a m p l i t u d e 
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r a n g e s : 

B a s i c M o d e l A v e r a g e C y c l i c a l 
V a r i a b l e P e r f o r m a n c e R a n g e R a n g e 

P o r k P r o d u c t i o n 
( l b s / m o n t h ) x 10 9 8. 550 - 1. 145 7 . 850 - 1. 140 

P o r k C o n s u m p t i o n 
( l b s / m o n t h ) x 109 8. 500 - 1. 140 7. 800 - 1. 100 

H o g P r i c e ( ^ / l b ) 1 1 . 5 0 - 2 0 . 0 0 1 2 . 0 0 - 2 6 . 0 0 
F r o z e n and C u r e d 

I n v e n t o r y ( l b s ) x 105 1 . 8 0 0 - 3 . 2 0 0 1 . 8 0 0 - 3 . 5 0 0 
H o g S l a u g h t e r 

( h o g / m o n t h ) x 106 5. 5 8 8 - 7. 126 4 . 4 5 0 - 6. 850 

A s a p p e a r s to b e t r u e in t h e a c t u a l s y s t e m , the b a s i c m o d e l g e n e r a t e s 

p r o d u c t i o n f l u c t u a t i o n s w h i c h a r e l a r g e r t h a n t h e c o n s u m p t i o n f l u c t u a 

t i o n s . F u r t h e r m o r e , p r o d u c t i o n and c o n s u m p t i o n f l u c t u a t i o n s a r e 

n o i s i e r t h a n f r o z e n and c u r e d i n v e n t o r y f l u c t u a t i o n s , a s o b s e r v e d in 

t h e a c t u a l s y s t e m . T h e m o d e l b e h a v i o r d i s p l a y s no t e n d e n c y to a t t e n 

u a t e the f l u c t u a t i n g b e h a v i o r and h e n c e s u s t a i n e d o s c i l l a t i o n s r e s u l t . 

S e c o n d l y , the m o d e l v a r i a b l e s o s c i l l a t e w i t h a p e r i o d c h a r a c 

t e r i s t i c l i k e that of t h e a c t u a l t i m e h i s t o r y p a t t e r n s . P e r i o d s of 

a p p r o x i m a t e l y 4 8 m o n t h s e x i s t in t h e f l u c t u a t i o n s of the pork s y s t e m . 

E x a m i n a t i o n of t h e p a t t e r n s in F i g u r e s 7, 8, and 9 r e v e a l s that p e r 

i o d s of 5 2 , 4 8 , 4 9 , and 49 m o n t h s o c c u r o v e r t h e s i m u l a t e d t i m e 

h o r i z o n . T h e 4 8 m o n t h i n t e r v a l s e p a r a t i n g t h e p e a k s of t h e m o d e l 

v a r i a b l e s i n d i c a t e s a p p r o x i m a t e l y t h e n a t u r a l p e r i o d of the p o r k 

s y s t e m . 
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T h i r d l y , t h e p h a s i n g r e l a t i o n s h i p s i n t h e b a s i c m o d e l ' s p e r f o r 

m a n c e p a t t e r n s a r e l i k e t h o s e o f t h e a c t u a l p o r k s y s t e m d a t a i n F i g 

u r e s 1 a n d 2 . E x a m i n a t i o n o f F i g u r e s 7 , 8 , a n d 9 s h o w s t h a t t h e 

p e a k s a n d v a l l e y s o f p r o d u c t i o n a n d c o n s u m p t i o n o c c u r a t a p p r o x i 

m a t e l y t h e s a m e t i m e . I n v e n t o r y p e a k s a n d v a l l e y s o c c u r a p p r o x i 

m a t e l y a t t h e c r o s s o v e r p o i n t s o f p r o d u c t i o n a n d c o n s u m p t i o n . H o g 

p r o d u c e r s a r e i n c r e a s i n g p r o d u c t i o n a t t h e f a s t e s t r a t e w h e n p r i c e s 

a r e a t a p e a k a n d s o w c a p a c i t y i s a t i t s p e a k w h e n h o g p r i c e s a r e d e 

c r e a s i n g a t t h e i r f a s t e s t r a t e . F u r t h e r m o r e s o w f a r r o w i n g s l e a d h o g 

s h i p p i n g b y t h e v a r i a b l e d e l a y t i m e n e e d e d f o r r a i s i n g p i g s t o m a r k e t 

w e i g h t . 

G e n e r a l B e h a v i o r 

C l o s e r e x a m i n a t i o n o f t h e m o d e l b e h a v i o r p r o v i d e s i n s i g h t i n t o 

t h e p o r k s y s t e m ' s o s c i l l a t o r y n a t u r e . T h e o s c i l l a t i o n s r e s u l t f r o m 

t h e o v e r a n d u n d e r c o r r e c t i o n s c o n t i n u a l l y m a d e b y t h e s y s t e m p a r t i 

c i p a n t s . R e f e r r i n g t o F i g u r e s 7 , 8 , a n d 9 , a d e s c r i p t i o n o f t h e f o r c e s 

c r e a t i n g t h e b e h a v i o r i s p r e s e n t e d b e l o w . 

T i m e 1 2 t o T i m e 2 4 . I n c r e a s e d p o r k s u p p l i e s , b r o u g h t a b o u t b y 

t h e s t e p i n p u t a t t i m e 1 2 , i m m e d i a t e l y s e n d s t h e s y s t e m i n t o i t s c h a r 

a c t e r i s t i c m o d e s o f b e h a v i o r . T h e p a c k e r s ' e x p e c t e d p o r k a v a i l a b i l i t y 

a n d t h e d e s i r e d p a c k e r p o r k s a l e s r i s e d u e t o t h e i n c r e a s e d i n v e n t o r y 

o f f r o z e n a n d c u r e d p o r k . U n d e r t h e p r e s s u r e s o f f o r e c a s t e d i n 

c r e a s e s i n p o r k s u p p l i e s a n d l a r g e r i n v e n t o r y h o l d i n g s , t h e p a c k e r s ' 
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VALUE ASSESSMENT GOES DOWN, THEREBY LOWERING BID PRICES. SOON 

AFTER HOG PRICES DECLINE, PRODUCERS MARKET HOGS FASTER AND DECREASE 

HOG PRODUCTION. THE HOG SHIPPING RATE AMPLIFIES THE ORIGINAL EFFECTS 

OF THE STEP DISTURBANCE. 

EVEN THOUGH PRICES CONTINUE TO DECLINE OVER A 12-MONTH PERIOD 

( T I M E 12 TO T I M E 24), HOG PRODUCTION RATE REVERSES ITS DOWNWARD 

MOVEMENT AT TIME 18. THE REVERSAL OCCURS AS TWO CONDITIONS ARISE. 

FIRST, THE PRODUCERS ATTEMPT TO MAINTAIN PRODUCTION LEVELS NEAR PRE

VIOUS PRODUCTION OPERATIONS; CONSEQUENTLY, RISING HOG SHIPMENTS (DUE 

TO THE SHORTER FEEDING DELAY) CREATE A SHORT-TERMED INCREASING PRO

DUCTION ORDER RATE. SECONDLY, INCREASED PRODUCTION OPERATIONS LOSE 

DESIRABILITY BECAUSE OF LOWER PRICE EXPECTATIONS. THE NONLINEAR 

FUNCTIONAL RELATIONSHIP OF FIGURE 6 BECOMES CRITICAL DURING THESE SYS

TEM CONDITIONS. THE PRODUCERS' CUTBACKS DO NOT CHANGE PROPORTIONALLY 

WITH THE AVERAGE PRICE LEVEL. AS THE AVERAGE PRICE LEVEL DROPS, THE 

SLOPE OF THE PERCENTAGE CHANGE RELATIONSHIP BECOMES LESS STEEP AND 

EVENTUALLY BECOMES ZERO. CONSEQUENTLY, EVEN THOUGH PRICE EXPECTA

TIONS MIGHT INDICATE A REDUCTION IN HOG OPERATIONS, THE COMBINED EFFECTS 

OF MAINTAINING PAST PRODUCTION LEVELS AND REDUCING PRODUCTION ONLY UP 

TO A M A X I M U M PERCENTAGE CAUSE THE PRODUCTION RATE TO TURN UPWARD. IN 

EFFECT, THE NONLINEARITY IN LOOP K OF FIGURE 4 FORCES THE LOOP DOMINANCE 

TO SHIFT FROM THE MATURE HOG INVENTORY LOOP (LOOP M ) TO THE SHIPPING-
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P r o d u c t i o n L o o p ( l o o p L ) . 

D u r i n g t h e p r o d u c t i o n c u t b a c k s , c a p a c i t y a d j u s t m e n t s a r e m a d e 

o n t h e a v a i l a b l e b r e e d i n g l e v e l s . F i g u r e 7 i l l u s t r a t e s s o w s h i p m e n t s 

r i s i n g a n d s o w c a p a c i t y d e c l i n i n g a s t h e p r o d u c e r s b r e d f e w e r s o w s . 

T i m e 2 4 t o T i m e 4 8 . A t t i m e 2 4 , t h e p a c k e r s ' a s s e s s m e n t 

p o l i c y d i c t a t e s h i g h e r p o r k v a l u e s ; h e n c e , h o g p r i c e s r e v e r s e t h e i r 

d o w n w a r d s w i n g . A n u p w a r d m o v e m e n t o f p r i c e c o n t i n u e s u n t i l t i m e 

3 5 . A t t h a t p o i n t , t h e p a c k e r s a r e r e c e i v i n g t h e h o g s u p p l i e s s t a r t e d 

i n p r o d u c t i o n a p p r o x i m a t e l y t e n m o n t h s e a r l i e r . U n t i l t h o s e s u p p l i e s 

c a n b e m o v e d t o t h e c o n s u m e r s , h o g p r i c e s w i l l r e f l e c t t h e d e c r e a s e d 

v a l u e of a d d i t i o n a l p o r k s u p p l i e s . T h e u p w a r d p r i c e m o v e m e n t c o n 

t i n u e s a g a i n a t t i m e 3 9 a s t h e s h a r p d r o p i n h o g s l a u g h t e r i n g r e d u c e s 

e x p e c t e d p o r k a v a i l a b i l i t y . 

C o n s u m e r d e m a n d f o r p o r k p r o d u c t s f o l l o w s t h e a v a i l a b i l i t y of 

r e t a i l s u p p l i e s . F r o z e n a n d c u r e d i n v e n t o r y a b s o r b s t h e d i f f e r e n c e 

b e t w e e n t h e p a c k e r s ' p r o d u c t i o n a c t i v i t i e s a n d t h e r e t a i l e r s ' o r d e r s . 

S t a r t i n g a t t i m e 4 1 ( r e l a t i v e t o t h e o r i g i n a l e q u i l i b r i u m c o n d i 

t i o n s ) t h e p r o d u c e r s s w i t c h f r o m a n o v e r a l l a c t i v i t y o f p r o d u c t i o n c u t 

b a c k t o p r o d u c t i o n b u i l d - u p . A r i s i n g p r i c e l e v e l i n d i c a t e s h i g h e r 

p r i c e s t o t h e p r o d u c e r s a n d p r o d u c t i o n o p e r a t i o n s b e c o m e e x p a n s i o n 

o r i e n t e d . S o w s h i p p i n g d r o p s t o t h e o l d - a g e r e p l a c e m e n t l e v e l a n d s o w 

c a p a c i t y c o n d i t i o n s i n d i c a t e g i l t r e t e n t i o n s . 
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T i m e 48 to T i m e 7 4 . A t t i m e 4 8 , h o g p r i c e s r e a c h a p e a k 

v a l u e . S y s t e m c o n d i t i o n s i n d i c a t e i n c r e a s e d e x p e c t e d a v a i l a b i l i t y due 

to the s h a r p l y r i s i n g hog s l a u g h t e r i n g s at t h e p a c k e r s ' o p e r a t i o n s . 

T h e h o g p r o d u c t i o n r a t e c o n t i n u e s to i n c r e a s e a s the a v e r a g e l e v e l of 

h o g p r i c e s i n d i c a t e s p o s i t i v e p r o d u c t i o n c o r r e c t i o n s to the p a s t p r o 

d u c t i o n a c t i v i t y . C o r r e s p o n d i n g l y , s o w s h i p m e n t s r e m a i n at t h e n o r 

m a l r e p l a c e m e n t l e v e l . 

P r o d u c t i o n e x p a n s i o n c o n t i n u e s u n t i l the a v e r a g e hog p r i c e 

l e v e l c r o s s e s b e l o w t h e e q u i l i b r i u m v a l u e ( T i m e 6 7 ) . P r i c e s k e e p 

f a l l i n g , h o w e v e r , b e c a u s e the p a c k e r s a r e r e c e i v i n g h o g s f r o m t h e 

e x p a n s i o n a c t i v i t y a p p r o x i m a t e l y e l e v e n m o n t h s e a r l i e r . F a l l i n g h o g 

p r i c e s c a u s e the p r o d u c e r s to s h i p f a s t e r and a m p l i f i c a t i o n o c c u r s i n 

t h e p r i c e m o v e m e n t . 

At t i m e 7 4 , t h e c y c l i c m o v e m e n t c o m p l e t e s i t s e l f and s i m i l a r 

s y s t e m c o n d i t i o n s e x i s t in the m o d e l a s it did at t i m e 1 2 . 

G e n e r a l B e h a v i o r w i t h N o i s e 

A d d i t i o n a l i n s i g h t in to t h e s y s t e m ' s c h a r a c t e r i s t i c s c a n b e o b 

t a i n e d b y a p p l y i n g n o i s e t o t h e p o r k input r a t e . R a n d o m n o i s e d i s t u r 

b a n c e s c o n t a i n a b r o a d r a n g e of c o m p o n e n t f r e q u e n c i e s . If t h e s y s t e m 

s e l e c t s c e r t a i n p e r i o d i c i t i e s to a m p l i f y , t h e n t h e s y s t e m i s s a i d to 

h a v e a n a t u r a l p e r i o d . In F i g u r e 10 m o d e l b e h a v i o r w i t h n o i s e s h o w s 

t h e 4 8 - m o n t h n a t u r a l p e r i o d in the p o r k s y s t e m . T h r o u g h o u t t h e m o d e l 
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r u n , r a n d o m n o i s e c a u s e s t h e s y s t e m var iab le s to f l u c t u a t e a r o u n d the 

i n i t i a l e q u i l i b r i u m v a l u e s . F u r t h e r m o r e , b e c a u s e the f o r e c a s t i n g 

p r o c e s s h a s b e e n m a d e l e s s a c c u r a t e , t h e s y s t e m v a r i a b l e s o s c i l l a t e 

at g r e a t e r m a g n i t u d e s t h a n in the e r r o r f r e e b e h a v i o r of F i g u r e s 7, 8, 

and 9. 

S u m m a r y of t h e B a s i c M o d e l ' s B e h a v i o r 

C o n s t r u c t v a l i d i t y in the f e e d b a c k m o d e l i s s u p p o r t e d b y t h e 

r e a l i s t i c r e p r e s e n t a t i o n of t h e a c t u a l p o r k s y s t e m p r o c e s s e s . R e s p o n s e 

v a l i d i t y of the p e r f o r m a n c e p a t t e r n s s h o w n i n F i g u r e s 7, 8 and 9 i s s u b 

s t a n t i a t e d by s i m i l a r a m p l i t u d e , f r e q u e n c y , and p h a s i n g r e l a t i o n s h i p s 

e v i d e n t in a c t u a l s y s t e m d a t a . M o d e l v a r i a b l e s r e a c t to i m b a l a n c e s i n 

s y s t e m c o n d i t i o n s and t e n d to a m p l i f y the s t e p d i s t u r b a n c e and c r e a t e 

u n s t a b l e s y s t e m b e h a v i o r . V a r i a t i o n s in p o r k s u p p l i e s a r e a m p l i f i e d 

b y the m e a t p a c k e r s t h r o u g h d e l a y e d r e a c t i o n s of t h e v a l u e a s s e s s m e n t 

p o l i c y . A m p l i f i c a t i o n i n the p r o d u c e r s s e c t o r o c c u r s b e c a u s e of t h e 

v a r i a b l e f e e d i n g d e l a y and o v e r - r e s p o n s i v e p r o d u c t i o n m e c h a n i s m . 

C o n t r o l l i n g F e a t u r e s of t h e M o d e l 

T h e f e e d b a c k m o d e l s h o w n in F i g u r e s 4 and 5 h a s n u m e r o u s 

l o o p s and p a r a m e t e r s w h i c h c o u l d be t e s t e d for s e n s i t i v i t y . T h r o u g h 

out the m o d e l s y n t h e s i s p r o c e s s c e r t a i n m o d e l f e a t u r e s w e r e found to 

b e r e l a t i v e l y u n i m p o r t a n t in c o n t r o l l i n g s y s t e m b e h a v i o r . S o m e f e a 

t u r e s , h o w e v e r , w e r e found to be c r i t i c a l to the s y s t e m p e r f o r m a n c e . 
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T h i s s e c t i o n p r o v i d e s an a s s e s s m e n t of e a c h l o o p ' s i m p o r 

t a n c e in c o n t r o l l i n g s y s t e m r e s p o n s e . M o d e l e x p e r i m e n t s w e r e m a d e 

in a c c o r d a n c e w i t h the f o l l o w i n g p r o c e d u r e : 

a . F o r a c o n t r o l l o o p : 

(1) E x a m i n e t h e e f f e c t s of a c h a n g e in a f l o w path d e l a y 

t i m e . 

(2) E x a m i n e the e f f e c t s of a c h a n g e i n t h e a d j u s t m e n t t i m e 

or the n o n l i n e a r d e c i s i o n c o m p o n e n t w i t h i n the l o o p . 

(3) E x a m i n e the e f f e c t s w h e n the c o n t r o l l o o p i s m a d e i n 

o p e r a t i v e . 

(b) F o r a c o u p l i n g d e l a y : 

(1) E x a m i n e the e f f e c t s of a c h a n g e in the i n f o r m a t i o n 

s m o o t h i n g c o n s t a n t w i t h i n the l o o p . 

T h e s i m u l a t i o n r u n s o b t a i n e d f r o m the r e s e a r c h e x p e r i m e n t s a r e e v a l 

u a t e d to find t h o s e p a r a m e t e r s and l o o p s w h i c h h a v e t h e m o s t d r a m a 

t i c e f f e c t on s y s t e m b e h a v i o r . B y c o n t r a s t i n g the i n d i v i d u a l r u n s 

w i t h the b a s i c m o d e l b e h a v i o r of F i g u r e s 7, 8 and 9 t h e s y s t e m e f f e c t s 

c a n be a s s e s s e d . T h e r e s u l t s of the m o d e l a n a l y s i s w i l l b e p r e s e n t e d 

for e a c h of the four m o d e l s e c t o r s - P r o d u c t i o n , M e a t P a c k i n g , R e 

t a i l i n g , and C o n s u m p t i o n . 

P r o d u c t i o n S e c t o r 

T h e f i r s t c r i t i c a l a r e a of t h e m o d e l i s b e l i e v e d to be t h e 
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p r o d u c t i o n s e c t o r . R e s p o n s e c h a r a c t e r i s t i c s i n d i c a t e that p r o d u c e r s 

o v e r - r e s p o n d to the a v e r a g e p r i c e l e v e l . C o u p l e d w i t h l o n g p r o d u c 

t i o n d e l a y s t h e o v e r - r e s p o n s i v e p r o d u c e r p e r p e t u a t e s the f o r c e s i n t e r 

n a l to the s y s t e m and c a r r i e s the s y s t e m b e y o n d e q u i l i b r i u m c o n d i t i o n s . 

H o g A d j u s t m e n t T i m e . T h e p r o d u c e r s a l t e r t h e hog p r o d u c t i o n 

r a t e i n r e s p o n s e to p r i c e e x p e c t a t i o n s . P r o d u c t i o n c o n t r o l i s a c c o m 

p l i s h e d v i a the p o l i c y m e c h a n i s m s w i t h i n the p r o d u c t i o n s e c t o r . In 

t h e m a t u r e h o g c o n t r o l l o o p , t h e p r o d u c t i o n d e l a y s a r e l a r g e c o m p a r e d to 

a s m a l l a d j u s t m e n t t i m e p a r a m e t e r , and s t a b l e s y s t e m b e h a v i o r c a n 

not be a c h i e v e d . T h e l o n g d e l a y s and s h o r t a d j u s t m e n t t i m e c a u s e an 

o v e r s h o o t in t h e m a t u r e h o g i n v e n t o r y . 

O v e r s h o o t o c c u r s b e c a u s e the p r o d u c t i o n a d j u s t m e n t s a r e m a d e 

w i t h o u t a c c o u n t i n g for t h o s e a d j u s t m e n t s a l r e a d y in p r o d u c t i o n , but 

not ye t in the hog i n v e n t o r y . P r o d u c e r s a d j u s t t h e i r p r o d u c t i o n a c t i v 

i t i e s u n t i l the hog i n v e n t o r y r e a c h e s s o m e d e s i r e d l e v e l ; h o w e v e r , t h e 

q u a n t i t y of h o g s that f l o w s f r o m the p r o d u c t i o n o p e r a t i o n s a f t e r t h e 

d e s i r e d l e v e l i s a t t a i n e d c a r r i e s t h e i n v e n t o r y b e y o n d t h e d e s i r e d 

l e v e l . 

R e l a t i v e to t h e o v e r s h o o t c o n d i t i o n , t h e hog a d j u s t m e n t t i m e 

i s t h e m o s t s e n s i t i v e p a r a m e t e r in t h e p r o d u c t i o n s e c t o r . M o d e l e x 

p e r i m e n t s m a d e w i t h a l t e r n a t i v e v a l u e s of HA J T r e v e a l v a r y i n g p e r 

i o d and a m p l i t u d e c h a r a c t e r i s t i c s in the s y s t e m ' s r e s p o n s e . 
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F i g u r e 11 i l l u s t r a t e s t h e m o d e l b e h a v i o r w i t h H A J T = 4 . A 

l a r g e r a d j u s t m e n t t i m e c a u s e s t h e p r o d u c e r s to p l a c e f e w e r h o g s in to 

p r o d u c t i o n p r i o r to t h e hog i n v e n t o r y r e a c h i n g i t s d e s i r e d Level . S i n c e 

f e w e r h o g s a r e in t h e p r o d u c t i o n p i p e l i n e , the i n v e n t o r y o v e r s h o o t i s 

l e s s . 

S y s t e m s t a b i l i t y i s g r e a t l y i m p r o v e d w i t h the Longer a d j u s t 

m e n t t i m e . D a m p e d o s c i l l a t i o n s i n the s y s t e m v a r i a b l e s e v e n t u a l l y 

s e t t l e to a s t e a d y s t a t e c o n d i t i o n . E v e n t h o u g h s t a b i l i t y i s i m p r o v e d 

w i t h t h e l o n g e r a d j u s t m e n t t i m e , s y s t e m r e s p o n s i v e n e s s i s s a c r i f i c e d . 

L o n g e r p e r i o d s of m o v e m e n t o c c u r and s m a l l e r r a n g e s of f l u c t u a t i o n 

r e s u l t . 

C o n v e r s e l y , s m a l l e r v a l u e s of H A J T c a u s e the s y s t e m to o s 

c i l l a t e w i t h l a r g e a m p l i t u d e s and h i g h e r o r d e r f r e q u e n c i e s s u p e r i m 

p o s e d o n the b a s i c 4 8 - m o n t h c y c l e . T h e m o d e l b e h a v i o r s h o w n in 

F i g u r e 12 d e m o n s t r a t e s t h e u n s t a b l e m a r k e t a c t i v i t y w h i c h r e s u l t s 

f r o m a p a r a m e t e r v a l u e of H A J T = 1. B e c a u s e the p r o d u c e r s r e a c t 

m o r e r a p i d l y to c o r r e c t the hog i n v e n t o r y , l a r g e r n u m b e r s of p i g s 

a r e p l a c e d in to p r o d u c t i o n b e f o r e t h e i n v e n t o r y r e a c h e s i t s d e s i r e d 

s t a t e . T h e s y s t e m a t t e m p t s to a d j u s t to t h e p r o d u c e r s ' o v e r - r e s p o n 

s i v e n e s s by r a p i d l y c h a n g i n g p r i c e l e v e l s , s u p p l i e s o f f e r e d for s a l e , 

f o r e c a s t s , and b u y i n g and o r d e r i n g p a t t e r n s . N e v e r t h e l e s s , t h e c o n 

t i n u e d r a p i d p r o d u c t i o n a d j u s t m e n t s p l a c e s u c h l a r g e q u a n t i t i e s of 
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h o g s in to the s y s t e m that t h e v a r i o u s s e c t o r s a r e c a u g h t in a v i c i o u s 

c i r c l e of u n s t a b l e o p e r a t i o n s . 

P r o d u c t i o n C h a n g e s R e l a t i v e to t h e A v e r a g e P r i c e L e v e l . W i t h 

i n t h e p r o d u c t i o n s e c t o r , a f u n c t i o n a l r e l a t i o n s h i p w a s a s s u m e d to b e 

r e p r e s e n t a t i v e of t h e p r o d u c e r s ' r e a c t i o n to a v e r a g e p r i c e l e v e l s . 

T h e b a s i c m o d e l c o n t a i n s a r e l a t i o n s h i p d e v e l o p e d f r o m d a t a r e l a t i n g 

to r e s p o n s e a c t i v i t i e s of t h e p r o d u c e r s . T e s t r u n s w e r e m a d e to 

s t u d y o t h e r n o n l i n e a r f u n c t i o n a l r e l a t i o n s h i p s . F i g u r e 13 i l l u s t r a t e s 

t h e t e s t r e l a t i o n s h i p s . D e p e n d i n g upon t h e s l o p e c h a r a c t e r i s t i c and 

s a t u r a t i o n p o i n t s t e s t e d v a r y i n g a m p l i t u d e and d a m p e n i n g c h a r a c t e r -

i s t e r i c s w e r e o b t a i n e d . 

C h a n g i n g t h e s l o p e of t h e n o n l i n e a r c o m p o n e n t c o r r e s p o n d s t o 

t h e t e s t i n g of a n a d j u s t m e n t t i m e . F o r e x a m p l e , i n c r e a s i n g t h e s l o p e 

a c c o m p l i s h e s the e f f e c t of a d e c r e a s e in a n a d j u s t m e n t t i m e . T h e 

s t e e p e r s l o p e s c r e a t e l a r g e r p r o d u c t i o n a d j u s t m e n t s and m a k e s t h e 

s y s t e m m o r e r e s p o n s i v e ; h o w e v e r , s t a b i l i t y i s s a c r i f i c e d . C o n 

v e r s e l y , s l o p e s l e s s s t e e p c a u s e t h e p r o d u c e r s to r e s p o n d o v e r a 

l o n g e r p e r i o d of t i m e to a g i v e n a v e r a g e p r i c e l e v e l . T h e c o r r e c t i o n s 

m a d e to t h e hog p r o d u c t i o n o p e r a t i o n s a r e t h u s s m a l l e r and t h e s y s 

t e m b e h a v i o r d i s p l a y s n o t i c e a b l e d a m p e d c h a r a c t e r i s t i c s . 

H o g I n v e n t o r y C o n t r o l . A l t h o u g h the p r o d u c e r s o v e r - r e s p o n d 

t o p r i c e i n f o r m a t i o n , t h e i n v e n t o r y c o n t r o l l o o p a t t e m p t s to m a i n t a i n 
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t h e n u m b e r of m a t u r e h o g s w i t h i n e c o n o m i c b o u n d s . W h e n t h e c o n t r o l 

l o o p i s s e v e r e d , the s y s t e m o s c i l l a t e s o v e r a w i d e r r a n g e of a m p l i 

t u d e s . T h e l a r g e r s w i n g s in s y s t e m v a r i a b l e s po int out t h e c o n s t r a i n 

i n g f e a t u r e s of the c o n t r o l l o o p . M o d e l b e h a v i o r g e n e r a t e d w i t h o u t t h e 

c o n t r o l l o o p i s s h o w n in F i g u r e 1 4 . 

C o u p l i n g D e l a y - T A H P . M o d e l e x p e r i m e n t s on t h e p r o d u c t i o n 

s e c t o r c o n f i r m the i m p o r t a n c e of o v e r - r e s p o n s i v e n e s s to p r i c e i n f o r 

m a t i o n . In v i e w of t h i s i m p o r t a n c e , m o d e l e x p e r i m e n t s w e r e p e r 

f o r m e d to d e t e r m i n e the s y s t e m s e n s i t i v i t y to v a r i a t i o n s in the c o u p l i n g 

d e l a y , T A H P . D e l a y p a r a m e t e r s of t h r e e , s i x , and t w e l v e m o n t h s 

w e r e s u b s t i t u t e d for t h e b a s i c m o d e l v a l u e - T A H P = 5 . 

S h o r t e n i n g t h e c o u p l i n g d e l a y c o u p l e s t h e l o o p s in t h e p r o d u c t i o n 

s e c t o r m o r e t i g h t l y w i t h the l o o p s in t h e m e a t p a c k i n g s e c t o r , and a s 

s u c h , t h e loop i n t e r a c t i o n s a r e m o r e s i g n i f i c a n t . C o m p a r i n g t h e m o d e l 

b e h a v i o r of F i g u r e 15 w i t h that of the b a s i c m o d e l b e h a v i o r in F i g u r e s 

7 , 8, and 9 r e v e a l s that t h e a m p l i t u d e s and p e r i o d of o s c i l l a t i o n a r e 

i n c r e a s e d . T h u s the t i g h t e r c o u p l i n g l e a d s to a m o r e r a p i d l y f l u c t u a t 

i n g b e h a v i o r m o d e i n t h e p o r k s y s t e m v a r i a b l e s . M o d e l r u n s w i t h 

p a r a m e t e r v a l u e s of n i n e and t w e l v e m o n t h s s h o w i n c r e a s i n g l y d a m p e d 

b e h a v i o r . 

C a p a c i t y C o n t r o l . B e c a u s e of t h e r e l a t i v e e a s e of o b t a i n i n g n e w 

b r e e d i n g s t o c k f r o m t h e hog i n v e n t o r y or s h i p p i n g e x c e s s i v e b r e e d i n g 
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s t o c k to m a r k e t , t h e c o n t r o l c h a r a c t e r i s t i c s of the c a p a c i t y o p e r a t i o n s 

a r e b e l i e v e d to be u n i m p o r t a n t . H o w e v e r g i l t r e t e n t i o n and s o w s h i p 

p i n g a c t i v i t i e s a l t e r t h e n o r m a l f l o w of m a r k e t h o g s in t i m e s of c a p a 

c i t y e x p a n s i o n and c a p a c i t y r e d u c t i o n . 

L o o p a n a l y s i s c o n f i r m s the b e l i e f that t h e c o n t r o l l i n g a s p e c t s 

of t h e c a p a c i t y a c t i v i t i e s a r e not d o m i n a n t f e a t u r e s of the m o d e l . 

V a r i a t i o n s of c o n s i d e r a b l e m a g n i t u d e w e r e l i s t e d in the f o l l o w i n g 

c a p a c i t y p a r a m e t e r s : 

( 1 ) . C A J T = . 5 , 1. 0 , and 2 . 0 m o n t h s 

(2) P P I J T = . 5 , 1 . 0 , and 2 . 0 m o n t h s 

(3) T A H P R = 2 . 0 and 3 . 0 m o n t h s 

F u r t h e r m o r e , d e a c t i v a t i o n of the p r o d u c t i o n i n t e n t i o n s c o n t r o l l o o p 

r e s u l t s in m o d e l b e h a v i o r v e r y s i m i l a r to the b a s i c m o d e l . 

M e a t P a c k i n g S e c t o r 

T h e s e c o n d c r i t i c a l a r e a in the m o d e l i s b e l i e v e d to b e t h e m e a t 

p a c k i n g s e c t o r . W i t h i n t h i s s e c t o r , the v a l u e a s s e s s m e n t p o l i c y i s 

a s s u m e d to d e p e n d p a r t l y on i n f o r m a t i o n about t h e f r o z e n and c u r e d 

i n v e n t o r y l e v e l . W h e n t h e i n v e n t o r y i n f o r m a t i o n loop i s cut f r o m t h e 

d e c i s i o n p o l i c y , m o d e l b e h a v i o r c h a n g e s d r a m a t i c a l l y ( F i g u r e 1 6 ) . 

O s c i l l a t o r y b e h a v i o r r e m a i n s a n i m p o r t a n t f e a t u r e of the r e s p o n s e 

p a t t e r n s ; h o w e v e r , t h e o s c i l l a t i o n s d e c a y to a s t e a d y s t a t e c o n d i t i o n . 

T h e s t e a d y s t a t e c o n d i t i o n i n d i c a t e s improved s y s t e m s t a b i l i t y . C o n 

v e r s e l y , the b e h a v i o r of F i g u r e 16 a l s o i n d i c a t e s that the s y s t e m i s 
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l e s s r e s p o n s i v e s i n c e t h e p e r i o d of o s c i l l a t i o n i s i n c r e a s e d s u b s t a n 

t i a l l y . T h u s , a t r a d e - o f f i s m a d e b e t w e e n s y s t e m s t a b i l i t y a n d s y s t e m 

r e s p o n s i v e n e s s . 

A d d i t i o n a l m o d e l e x p e r i m e n t s w e r e m a d e on t h e m e a t p a c k e r s ' 

s e c t o r . T h e p r i c e a d j u s t m e n t p a r a m e t e r r e f l e c t s t h e p a c k e r s ' p r i c i n g 

r e s p o n s i v e n e s s t o a n e t d i f f e r e n c e i n t h e a v e r a g e r a t e of s a l e s a n d t h e 

e x p e c t e d p o r k a v a i l a b i l i t y . D o u b l i n g t h e v a l u e of P A J T i n d i c a t e s t h a t 

t h e p a c k e r s a r e l e s s e n t h u s i a s t i c t o w a r d c h a n g i n g t h e i r i n p u t c o s t a n d 

v i c e v e r s a . F i g u r e s 17 a n d 18 s h o w m o d e l b e h a v i o r u s i n g t w o d i f f e r 

e n t v a l u e s of P A J T . U n d e r t h e s e t w o c o n d i t i o n s t h e m o d e l b e h a v i o r 

c h a n g e s d r a m a t i c a l l y f r o m t h a t of t h e b a s i c m o d e l . U s i n g P A J T = 

1 0 0 , 0 0 0 s m a l l a m p l i t u d e v a r i a t i o n s o c c u r i n t h e p r i c e , p r o d u c t i o n , a n d 

c o n s u m p t i o n r e l a t e d v a r i a b l e s . C o n v e r s e l y , u s i n g P A J T = 3 7 , 5 0 0 , 

l a r g e a m p l i t u d e f l u c t u a t i o n s d e v e l o p in t h e m o d e l b e h a v i o r . 

R e t a i l i n g a n d C o n s u m p t i o n S e c t o r s 

T h e r e t a i l i n g a n d c o n s u m p t i o n s e c t o r s a r e b e l i e v e d to b e r e l a 

t i v e l y u n i m p o r t a n t m o d e l f e a t u r e s . T h e i n s e n s i t i v e n a t u r e of t h e 

p a r a m e t e r v a l u e s i n t h e c o n t r o l a n d c o u p l i n g l o o p s c o n f i r m s t h a t a 

w i d e r a n g e of p a r a m e t e r v a l u e s c a n b e u s e d in t h e p o l i c y m e c h a n i s m s 

w i t h o u t c h a n g i n g t h e b a s i c b e h a v i o r a l c h a r a c t e r i s t i c s . 

T h e f o l l o w i n g v a l u e s w e r e t e s t e d i n t h e p a r a m e t e r s of t h e 

r e t a i l i n g a n d c o n s u m p t i o n s e c t o r : 
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(1) B A J T = . 5, 1 . 0 , and 1. 5 m o n t h s 

(2) T A C D 1 . 0 and 3 . 0 m o n t h s 

(3) T A R D 1. 0 and 3 . 0 m o n t h s 

(4) R A J T 2 . 0 and 3 . 0 m o n t h s 

(5) T T C D R = . 5 and 3 . 0 m o n t h s 

T h e r e t a i l i n g i n v e n t o r y c o n t r o l l o o p w a s t a k e n out of the m o d e l 

i n o r d e r to t e s t t h e c o n t r o l l i n g f e a t u r e s r e l a t i v e to r e t a i l i n v e n t o r y . 

U n d e r t h i s m o d e l c o n d i t i o n , t h e s y s t e m b e h a v i o r r e m a i n e d a l m o s t 

i d e n t i c a l . 

O n l y one p a r a m e t e r , R O A J T , w a s found to be c r i t i c a l in the 

r e t a i l i n g and c o n s u m p t i o n s e c t o r s . T h e m e a t p a c k e r s a t t e m p t to s e l l 

a l l of t h e i r p o r k s u p p l i e s , w i t h o n l y a s m a l l q u a n t i t y h e l d a s a s a f e t y 

s t o c k . R e t a i l e r s a d j u s t t h e i r o r d e r i n g r a t e to the pork o f f e r e d for 

s a l e by t h e m e a t p a c k e r s . V a r i a t i o n s i n R O A J T p r o d u c e b e h a v i o r a l 

p a t t e r n s w h i c h b e g i n to d e v i a t e f r o m the b a s i c m o d e l ' s p e r f o r m a n c e . 

T h e s u p e r i o r b a r g a i n i n g p o s i t i o n of the r e t a i l e r s p r e v e n t s t h e p a c k e r s 

f r o m a c c o m p l i s h i n g a n y s i g n i f i c a n t c h a n g e in the r e t a i l e r s ' a d j u s t m e n t 

r e s p o n s e R O A J T . H o w e v e r , if the p a c k e r s a c h i e v e a s t r o n g e r p o s i 

t i o n in t h e m a r k e t s y s t e m , the p a r a m e t e r w i l l b e c o m e a m o r e s i g n i f i 

c a n t f e a t u r e . 
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C H A P T E R VI 

C O N C L U S I O N S A N D R E C O M M E N D A T I O N S 

T h e m a i n b o d y of t h e t h e s i s d e v e l o p s t h e r e s e a r c h o b j e c t i v e s . 

T h e m o d e l a n a l y s i s of C h a p t e r V p r o v i d e s i n s i g h t in to the d y n a m i c 

n a t u r e of t h e c y c l i c f l u c t u a t i o n s in t h e p o r k p r o d u c t i o n - c o n s u m p t i o n 

s y s t e m . D r a w i n g upon t h e m o d e l a n a l y s i s , s e v e r a l c o n c l u s i o n s a r e 

e v i d e n t and r e c o m m e n d a t i o n s for f u r t h e r r e s e a r c h and a n a l y s i s a r e 

s u g g e s t e d . 

T h e c o n c l u s i o n s r e a c h e d a s a r e s u l t of t h i s i n v e s t i g a t i o n a r e 

b r o a d in s c o p e s i n c e t h e d e c i s i o n p r o c e s s e s u n d e r s t u d y r e p r e s e n t 

a g g r e g a t e a c t i v i t i e s of n u m e r o u s p a r t i c i p a n t s . N e v e r t h e l e s s , t h e 

i m p o r t a n c e of the b r o a d c o n c l u s i o n s and r e c o m m e n d a t i o n s i s g e r m a n e 

to the l e v e l of s t u d y . O n e g e n e r a l c o n c l u s i o n and four s p e c i f i c c o n c l u 

s i o n s a r e p r e s e n t e d b e l o w . F o l l o w i n g the c o n c l u s i o n s , t h r e e r e c o m 

m e n d a t i o n s a r e p r e s e n t e d . 

G e n e r a l C o n c l u s i o n 

T h e p u r p o s e of t h i s r e s e a r c h w a s to e x p l a i n h o w t h e l o n g - t e r m 

d y n a m i c s a r e c r e a t e d in t h e p o r k s y s t e m . T o f u l f i l l that p u r p o s e a 

f e e d b a c k s t r u c t u r e h a s b e e n s y n t h e s i z e d , t e s t e d , and a n a l y z e d . T h e 

t e s t s and a n a l y s e s s h o w that the s t r u c t u r e h a s bo th c o n s t r u c t v a l i d i t y 



69 

and r e s p o n s e a m p l i t u d e and p h a s i n g v a l i d i t y . T h u s , it c a n be c o n 

c l u d e d that r e l a t i v e to the p u r p o s e and o b j e c t i v e s of t h i s r e s e a r c h , 

t h e m o d e l s t r u c t u r e i s r e p r e s e n t a t i v e of the a c t u a l p o r k s y s t e m . 

S p e c i f i c C o n c l u s i o n 

1. T h e p o r k s y s t e m g i v e s r i s e to i t s o w n u n s t a b l e b e h a v i o r . A d i s 

t u r b a n c e i n p o r k r e c e i p t s at t h e m e a t p a c k e r s ' l e v e l c r e a t e s t h e 

u n d a m p e d b e h a v i o r a l p a t t e r n s o b s e r v e d in a c t u a l data of t h e p o r k 

s y s t e m . 

2 . T h e a c t i v i t i e s of t h e m e a t p a c k e r s and hog p r o d u c e r s a r e the 

p r i m a r y d e t e r m i n a n t s of s y s t e m b e h a v i o r . L o o p a n a l y s i s i n t h e 

p r o d u c e r s ' s e c t o r i n d i c a t e d both s h o r t and l o n g - t e r m e f f e c t of 

p r o d u c e r r e s p o n s i v e n e s s . In the s h o r t r u n p r i c e c h a n g e s a l t e r 

hog f e e d i n g d e l a y s , and hog p r i c e c h a n g e s a r e s u b s e q u e n t l y a m 

p l i f i e d by a b n o r m a l hog s l a u g h t e r i n g . In the Long r u n p r o d u c e r s 

o v e r - r e s p o n d to h o g p r i c e c h a n g e s . T h e o v e r - r e s p o n s e i s m a n i 

f e s t e d t h r o u g h f u t u r e h o g m a r k e t i n g s b e i n g g r e a t e r or Less than 

n e e d e d to m a i n t a i n e q u i l i b r i u m p r i c e c o n d i t i o n s . L o o p a n a l y s i s 

in the hog i n v e n t o r y c o n t r o l l o o p i n d i c a t e d t h e s e n s i t i v e n a t u r e of 

the p r o d u c e r a d j u s t m e n t t i m e H A J T and t h e i n f o r m a t i o n l ink f r o m 

hog i n v e n t o r y . L o n g a d j u s t m e n t t i m e s c r e a t e a m o r e s t a b l e p r o 

d u c t i o n - p r i c e r e l a t i o n s h i p and, c o n v e r s e l y , s h o r t a d j u s t m e n t 

t i m e s p r o d u c e m o r e s y s t e m i n s t a b i l i t y . F u r t h e r m o r e , the c y c l e ' s 
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p e r i o d w a s f o u n d to b e s e n s i t i v e t o H A J T v a l u e s . T h e c o n t r o l l i n g 

a s p e c t s of t h e h o g i n v e n t o r y i n f o r m a t i o n l i n k w a s found to b e i m 

p o r t a n t in c o n s t r a i n i n g t h e u n s t a b l e t e n d e n c i e s of t h e p r o d u c e r s . 

L o o p a n a l y s i s i n t h e m e a t p a c k e r s ' s e c t o r i n d i c a t e d t h a t t h e v a l u e 

a s s e s s m e n t l o o p w a s s e n s i t i v e t o p a r a m e t e r c h a n g e s . L o o p 

a n a l y s i s a l s o i n d i c a t e d s y s t e m s e n s i t i v i t y w h e n t h e i n v e n t o r y c o n 

t r o l i n f o r m a t i o n l i n k w a s c u t a n d m o r e s t a b l e b e h a v i o r w a s p r o 

d u c e d . 

3 . A m p l i t u d e c h a r a c t e r i s t i c s of t h e m o d e l ' s b e h a v i o r w e r e found t o 

b e s e n s i t i v e t o t h e m e a t p a c k e r s ' a d j u s t m e n t p a r a m e t e r , P A J T 

a n d to t h e h o g p r o d u c e r s ' a d j u s t m e n t p a r a m e t e r H A J T . 

4. T h e m o d e l a n a l y s i s d e m o n s t r a t e d t h a t i n t h e p o r k s y s t e m c o n 

s u m e r r e s p o n s e , r e t a i l e r i n v e n t o r y c o n t r o l a n d o r d e r i n g , a n d 

p r o d u c e r c a p a c i t y a d j u s t m e n t s h a d l i t t l e i n f l u e n c e o n t h e c y c l i c a l 

p a t t e r n s . 

5. L o o p i n t e r a c t i o n b e t w e e n t h e m e a t p a c k e r s ' s e c t o r a n d p r o d u c e r s ' 

s e c t o r d e p e n d s u p o n t h e v a l u e a s s i g n e d to t h e c o u p l i n g d e l a y T A H P , 

S h o r t e n i n g t h e d e l a y c o u p l e d t h e p a c k e r s ' s e c t o r a n d p r o d u c e r s ' 

s e c t o r m o r e t i g h t l y a n d v i c e v e r s a . T i g h t e r c o u p l i n g l e d t o 

g r e a t e r s y s t e m i n s t a b i l i t y a n d r e s p o n s i v e n e s s , w h e r e a s l o o s e r 

c o u p l i n g l e d t o a m o r e s t a b l e b u t l e s s r e s p o n s i v e s y s t e m . T h e 

c y c l e ' s p e r i o d w a s f o u n d to b e s e n s i t i v e to t h i s c o u p l i n g d e l a y . 

\ 



71 

6. F o r e c a s t i n g e r r o r s i n t h e m e a t p a c k e r s ' s e c t o r c a u s e i n s t a b i l i t y 

a n d s u s t a i n e d o s c i l l a t i o n s i n t h e m o d e l b e h a v i o r . T h e i n a b i l i t y 

t o f o r e c a s t a c c u r a t e l y d r o v e t h e s y s t e m v a r i a b l e s t o l a r g e r 

a m p l i t u d e s of f l u c t u a t i o n ; n e v e r t h e l e s s , t h e b a s i c f r e q u e n c y 

c h a r a c t e r i s t i c s of t h e s y s t e m w e r e p r e s e n t . 

R e c o m m e n d a t i o n s 

S e v e r a l r e c o m m e n d a t i o n s f o r f u r t h e r r e s e a r c h a n d a n a l y s i s 

c a n b e m a d e r e l a t i v e t o t h e f e e d b a c k m o d e l , s y s t e m p a r a m e t e r s , a n d 

l o o p a n a l y s i s . F o r e x a m p l e , s e a s o n a l p r o d u c t i o n h a b i t s c o u l d b e u s e d 

a s a f o r c i n g f u n c t i o n a n d s h o r t e r - t e r m c h a r a c t e r i s t i c s c o u l d b e 

s t u d i e d . A d d i t i o n a l t i m e c o u l d b e s p e n t c o l l e c t i n g i n f o r m a t i o n o n t h e 

a c t i v i t i e s of t h e r e t a i l s e c t o r . T h e r e t a i l s e c t o r w i l l p r o b a b l y g r o w 

m o r e d o m i n a n t a s t h e p r o d u c e r s a n d m e a t p a c k e r s b e c o m e m o r e 

r e s p o n s i v e t o t h e r e t a i l e r s ' p r e s s u r e s a n d i n c e n t i v e s . S u b s t a n t i a l 

w o r k c o u l d b e u n d e r t a k e n i n t h e a r e a of p r o d u c e r p r i c e e x p e c t a t i o n s . 

P a s t h o g p r i c e s a r e t h e f a c t o r s c o n s i d e r e d i n t h i s r e s e a r c h ; h o w e v e r , 

o t h e r f a c t o r s s u c h a s f e e d i n g c o s t s a n d a l t e r n a t i v e p r o f i t o p p o r t u n i 

t i e s m a y b e i m p o r t a n t . 

R e c o m m e n d a t i o n s c a n a l s o b e m a d e r e l a t i v e t o i m p l e m e n t i n g 

t h e r e s e a r c h r e s u l t s . G i v e n t h e d e s i r e t o d i m i n i s h t h e v a r i a b i l i t y i n 

p o r k s u p p l i e s , n e w p o l i c i e s fo r s y s t e m c o n t r o l m u s t b e d e v e l o p e d . 

T h e n e w p o l i c i e s c a n b e c o n s t r u c t e d u p o n t h e b a s e of s y s t e m s 
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u n d e r s t a n d i n g w h i c h h a s b e e n d e v e l o p e d i n t h i s r e s e a r c h . I m p r o v e 

m e n t c r i t e r i a w i l l h a v e to be d e f i n e d and t r a n s l a t e d in to b e h a v i o r a l 

c h a r a c t e r i s t i c s . T h e n n e w s y s t e m b e h a v i o r p r o d u c e d by c h a n g e s i n 

t h e m o d e l s t r u c t u r e or p a r a m e t e r s c a n be e v a l u a t e d . S o m e f o r m of 

v e r t i c a l i n t e g r a t i o n m a y b e t h e m e a n s by w h i c h p o r k s u p p l i e s w i l l f l o w 

i n a m o r e s t e a d y s t r e a m t h r o u g h o u t the s y s t e m . 

G i v e n t h e d e s i r e to s t u d y in g r e a t e r depth t h e h o g p r i c i n g 

m e c h a n i s m , a d d i t i o n a l a n a l y s i s m u s t be m a d e i n t h e m e a t p a c k e r s ' 

s e c t o r . A n a l y s i s in t h e m e a t p a c k e r s ' s e c t o r s h o u l d f o c u s on the 

v a l u e a s s e s s m e n t p o l i c y and f o r e c a s t i n g p r o c e d u r e . F o r e x a m p l e , t h e 

p a c k e r s ' d e s i r e d i n v e n t o r y c a r r y o v e r w a s f o r m u l a t e d to b e a c o n s t a n t 

v a l u e ; h o w e v e r , a s e a s o n a l l y v a r y i n g e n d - o f - m o n t h c a r r y o v e r m a y b e 

m o r e r e p r e s e n t a t i v e of t h e a c t u a l o p e r a t i o n s . S u b s t a n t i a l w o r k c o u l d 

b e d o n e in d e t e r m i n i n g t h e a c c u r a c y of t h e p a c k e r s ' hog r e c e i p t s f o r e 

c a s t . T h e s y s t e m s e f f e c t of a n i n a c c u r a t e f o r e c a s t w a s d e m o n s t r a t e d 

i n t h i s r e s e a r c h to be a d e s t a b i l i z i n g i n f l u e n c e . S u b s t a n t i a l w o r k 

c o u l d be u n d e r t a k e n i n d e v e l o p i n g a d e c i s i o n r u l e for p r e d i c t i n g t h e 

t i m i n g and r e s u l t i n g m a g n i t u d e of a f u t u r e t u r n in h o g p r i c e s . A n 

u n d e r s t a n d i n g of t h e c a u s a l m e c h a n i s m s of t h e m e a t p a c k e r s ' s e c t o r 

s h o u l d s e r v e a s a b a s i s f o r d e t e r m i n i n g t h e i n f o r m a t i o n c o m p o n e n t s 

n e e d e d in the d e c i s i o n r u l e . T h e i n f o r m a t i o n c o m p o n e n t s to b e i n 

c l u d e d m u s t be o n e s on w h i c h c u r r e n t a v a i l a b l e d a t a i s p u b l i s h e d . A 
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v a l i d d e c i s i o n r u l e w o u l d b e b e n e f i c i a l f o r p l a n n i n g i n v e n t o r i e s i n t h e 

m e a t p a c k i n g a n d r e t a i l i n g s e c t o r s , o r f o r d e v e l o p i n g h e d g i n g a n d 

s p e c u l a t i v e p o s i t i o n s i n t h e f u t u r e s m a r k e t . 
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P S R 1 - P i g S t a r t R a t e O n e ( p i g s / m o n t h ) 
D l - D e l a y o n e ( m o n t h s ) 
M F R A - M a t u r e F i n i s h R a t e A u x i l i a r y ( h o g s / m o n t h ) 
F C - F e e d i n g C o n s t a n t ( m o n t h s ) 
CC - C o n s t a n t F o r B o x l o a d ( h o g s ) 
MP'RA *1 - M a t u r e F i n i s h R a t e A u x i l i a r y for C a r O n e ( h o g s / m o n t h ) 
M F R - M a t u r e F i n i s h R a t e ( h o g s / m o n t h ) 
MHI - M a t u r e H o g I n v e n t o r y ( h o g s ) 
M A V - M a x i m u m A v a i l a b i l i t y ( h o g s / m o n t h ) 
HSA - H o g S h i p p i n g A u x i l i a r y ( h o g s / m o n t h ) 
D L S - D e l a y F o r S h i p p i n g ( m o n t h s ) 
D L S T - D e l a y F o r S h i p p i n g T a b h i ( m o n t h s ) 
A P I S - A v e r a g e P r i c e I n f l u e n c e on S h i p p i n g ( c e n t s ) 
T A P I S - T i m e for A v e r a g i n g P r i c e I n f l u e n c e on S h i p p i n g ( m o n t h s ) 
HSR - H o g S h i p p i n g R a t e ( h o g s / m o n t h ) 
A S R - A v e r a g e S h i p p i n g R a t e ( h o g s / m o n t h ) 
T A S R - T i m e F o r A v e r a g i n g S h i p p i n g R a t e ( m o n t h s ) 
F C C A - F r a c t i o n C h a n g e A u x i l i a r y ( 1 / m o n t h ) 
F C C A T - F r a c t i o n C h a n g e A u x i l i a r y T a b l e ( 1 / m o n t h ) 
F C C - F r a c t i o n C h a n g e ( 1 / m o n t h ) 
D M H I - D e s i r e d M a t u r e H o g I n v e n t o r y ( h o g s ) 
N M H I - N o r m a l M a t u r e H o g I n v e n t o r y ( h o g s ) 
HIC - H o g I n v e n t o r y C o r r e c t i o n ( h o g s / m o n t h ) 
H A J T - H o g A d j u s t m e n t T i m e ( m o n t h s ) 

C a p a c i t y C o n t r o l S e c t o r 

GHA 
GH 

- G i l t s H e l d A u x i l i a r y ( h o g s / m o n t h ) 
- G i l t s h e l d ( h o g s / m o n t h ) 
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GHRR 
S P C 
S C A B 
S B R 
P P S 
S F C 
SWC 
S F R 
S F N R 
ss 
sc 
SIG 
SW 
MS 
A H P R 
T A H P R 
D P P I 
P P I C 
PPLTT 
S C D B 
S C C 
C A J T 
SSC 
N S A C 
SSR 
S L 
A S S 
T A S S 

S R A 1 
PKIR 
P K P H 
P T E S T 
P K C 
F A C I 
D P K I R 
T P K P 
F P K I R 
T A P K I 
F A C I C 

- G i l t s H e l d R e a d y R a t e ( h o g s / m o n t h ) 
- S o w P r e p a r a t i o n C o n s t a n t ( m o n t h s ) 
- S o w C a p a c i t y A v a i l a b l e for B r e e d i n g ( h o g s ) 
- S o w B r e e d i n g R a t e ( h o g s / m o n t h ) 
- P i g s P e r S o w ( p i g s / h o ^ 
- S o w F a r r o w i n g C o n s t a n t ( m o n t h s ) 
- S o w W e a n i n g C o n s t a n t ( m o n t h ) 
- S o w F a r r o w i n g R a t e ( h o g s / m o n t h ) 
- S o w F i n i s h R a t e ( h o g s / m o n t h ) 
- S o w S h i p m e n t s ( h o g s / m o n t h s ) 
- S o w C a p a c i t y ( h o g s ) 
- S o w s In G e s t a t i o n ( h o g s ) 
- S o w s W e a n i n g ( h o g s ) 
- M a x i m u m S t a r t s ( p i g s / m o n t h ) 
- A v e r a g e H o g P r o d u c t i o n R a t e ( h o g s / m o n t h ) 
- T i m e for A v e r a g i n g H o g P r o d u c t i o n R a t e ( m o n t h s ) 
- D e s i r e d P i g P r o d u c t i o n I n t e n t i o n s ( i n t e n t i o n s ) 
- P i g P r o d u c t i o n I n t e n t i o n s C o r r e c t i o n s ( i n t e n t i o n s / m o n t h ) 
- P i g P r o d u c t i o n I n t e n t i o n s A d j u s t m e n t T i m e ( m o n t h s ) 
- S o w C a p a c i t y D e s i r e d for B r e e d i n g ( h o g s ) 
- S o w C a p a c i t y C o r r e c t i o n ( h o g s / m o n t h ) 
- C a p a c i t y A d j u s t m e n t T i m e ( m o n t h s ) 
- S o w S h i p m e n t due to C o r r e c t i o n s ( h o g s / m o n t h ) 
- N e w S o w A d d e d due to C o r r e c t i o n s ( h o g s / m o n t h ) 
- S o w S c r a p f r o m R e p l a c e m e n t ( h o g s / m o n t h ) 
- S o w L i f e ( m o n t h ) 
- A v e r a g e S o w S c r a p ( h o g s / m o n t h ) 
- T i m e for A v e r a g i n g S o w S c r a p ( h o g s / m o n t h ) 

M e a t P a c k i n g C o n t r o l S e c t o r 

- S h i p p i n g R a t e A u x i l i a r y ( h o g s / m o n t h ) 
- P o r k Input R a t e ( l b s / m o n t h ) 
- P o r k P e r Hog ( l b s / h o g ) 
- P o r k T e s t S t e p ( l b s / h o g ) 
- P o r k C o n s t a n t ( l b s / h o g ) 
- F r o z e n and C u r e d I n v e n t o r y ( l b s ) 
- D e l a y e d P o r k Input R a t e ( l b s / m o n t h ) 
- T i m e for P o r k P r o c e s s i n g ( m o n t h s ) 
- F o r e c a s t e d P o r k Input R a t e ( l b s / m o n t h ) 
- T i m e for A v e r a g i n g P o r k Input ( m o n t h s ) 
- F r o z e n and C u r e d I n v e n t o r y C a r r y o v e r ( l b s / m o n t h ) 
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I C O D - I n v e n t o r y C a r r y o v e r D e s i r e d ( m o n t h s / m o n t h ) 
ICOA - I n v e n t o r y C a r r y o v e r A u x i l i a r y ( d i m e n s i o n l e s s ) 
D P S R - D e s i r e d P a c k e r S a l e s R a t e ( l b s / m o n t h ) 
E P A - E x p e c t e d P o r k A v a i l a b i l i t y ( l b s / m o n t h ) 
C P - C h a n g e i n P r i c e ( c e n t s / l b s - m o n t h ) 
P A J T - P r i c e A d j u s t m e n t P a r a m e t e r ( l b s ^ / c e n t ) 
PIT - P r i c e of H o g s ( c e n t s / l b ) 
A H P - A v e r a g e H o g P r i c e ( c e n t s / l b ) 
T A H P - T i m e for A v e r a g i n g H o g P r i c e ( m o n t h s ) 

R e t a i l i n g C o n t r o l S e c t o r 

S T R . - S a l e s to R e t a i l e r s ( l b s / m o n t h ) 
F A V - F r o z e n P o r k A v a i l a b i l i t y ( l b / m o n t h ) 
S T R A - S a l e s to R e t a i l e r s A u x i l i a r y ( l b s / m o n t h ) 
RI - R e t a i l e r s ' I n v e n t o r y ( l b s ) 
D R I - D e s i r e d R e t a i l e r s ' I n v e n t o r y ( l b s ) 
T T R I - T u r n o v e r T i m e R e t a i l e r s ' I n v e n t o r y ( m o n t h s ) 
RIC - R e t a i l e r s ' I n v e n t o r y C o r r e c t i o n ( l b s / m o n t h ) 
R A J T - R e t a i l e r s ' I n v e n t o r y A d j u s t m e n t T i m e ( m o n t h s ) 
N R O - N o r m a l R e t a i l O r d e r ( l b s / m o n t h ) 
ROJ - R e t a i l e r s ' O r d e r A d j u s t m e n t ( l b s / m o n t h ) 
R O A J T - R e t a i l e r s ' O r d e r A d j u s t m e n t T i m e ( m o n t h s ) 
A R D - A v e r a g e R e t a i l e r s ' D e m a n d ( l b s / m o n t h ) 
T A R D - T i m e f o r A v e r a g i n g R e t a i l e r s ' D e m a n d ( m o n t h s ) 

C o n s u m p t i o n C o n t r o l S e c t o r 

C D R - C o n s u m e r s ' D e m a n d R a t e ( l b s / m o n t h ) 
R A V - R e t a i l e r s " I n v e n t o r y A v a i l a b i l i t y ( l b s / m o n t h ) 
C D R A - C o n s u m e r s ' D e m a n d R a t e A u x i l i a r y ( l b s / m o n t h ) 
A C D - A v e r a g e C o n s u m e r s ' D e m a n d R a t e ( l b s / m o n t h ) 
T A C D - T i m e for A v e r a g i n g C o n s u m e r s ' D e m a n d R a t e ( m o n t h s ) 
T C D R - T r a d i t i o n a l C o n s u m e r s ' D e m a n d R a t e ( l b s / m o n t h ) 
T T C D R - T i m e for A v e r a g i n g T r a d i t i o n a l C o n s u m e r s ' D e m a n d 

R a t e ( m o n t h ) 
N P - N o r m a l P u r c h a s e s ( l b s ) 
C P J - C o n s u m e r s ' P u r c h a s e A d j u s t m e n t ( l b s / m o n t h ) 
B A J T - B u y i n g A d j u s t m e n t T i m e ( m o n t h s ) 
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L I S T O F P A R A M E T E R V A L U E S 

T h e f o l l o w i n g m o d e l p a r a m e t e r s w e r e s e l e c t e d a s b e i n g 

r e p r e s e n t a t i v e of the p h y s i o l o g i c a l p r o d u c t i o n d e l a y s , p o r k p r o c e s s i n g 

d e l a y s , and a v e r a g i n g and a d j u s t m e n t t i m e s w i t h i n t h e p o r k p r o d u c t i o n -

c o n s u m p t i o n s y s t e m . T h e s e v a l u e s w e r e u s e d in the b a s i c m o d e l r u n 

o f F i g u r e s 7, 8, and 9. 

P r o d u c t i o n C o n t r o l S e c t o r 

E x p l a n a t i o n 

T i m e t o p r e p a r e and b r e e d a s o w 
T i m e r e q u i r e d for g e s t a t i o n p e r i o d and f e e d i n g 

a p i g to m i n i m u m m a r k e t w e i g h t 
T a b l e v a l u e s i n m o n t h s of a v e r a g e t i m e t a k e n to 

f i n i s h f e e d a h o g to m a r k e t s h i p p i n g w e i g h t 
( b e y o n d the m i n i m u m m a r k e t w e i g h t ) 

S m o o t h i n g c o n s t a n t for a v e r a g i n g p r i c e i n f l u e n c e 
o n s h i p p i n g 

S m o o t h i n g c o n s t a n t for a v e r a g i n g s h i p p i n g r a t e 
E x p a n s i o n and c o n t r a c t i o n f r a c t i o n s o b t a i n e d 

f r o m a n a n a l y s i s of hog p r i c e d a t a and p r o d u c 
t i o n l e v e l s 

T i m e t a k e n to a d j u s t a n y d i f f e r e n c e b e t w e e n 
d e s i r e d h o g i n v e n t o r y and a c t u a l hog i n v e n t o r y 

C a p a c i t y C o n t r o l S e c t o r 

E x p l a n a t i o n 

T i m e to p r e p a r e a m i n i m u m w e i g h t g i l t for 
b r e e d i n g 

P a r a m e t e r 

D l = . 5 m o n t h 
F C = 10 m o n t h 

D L S T = T A B L E 

T A P I S = 6 m o n t h s 

T A S R = 2 m o n t h s 
F C C A T = T A B L E 

H A J T = 2 m o n t h s 

P a r a m e t e r 

S P C = 2 m o n t h s 
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P P S = 7 p i g s / s o w 

S F C = 4 m o n t h s 
S W C = 2 m o n t h s 
T A H P R = 1 m o n t h 

P P I J T = . 7 5 m o n t h 

C A J T = . 7 5 m o n t h 
T A S S = 2 m o n t h s 

T h e a v e r a g e n u m b e r of p i g s s a v e d p e r s o w 
f a r r o w i n g 

T i m e r e q u i r e d for g e s t a t i o n p e r i o d 
T i m e r e q u i r e d for w e a n i n g p e r i o d 
S m o o t h i n g c o n s t a n t for a v e r a g i n g hog p r o d u c t i o n 

r a t e 
T i m e t a k e n to a d j u s t t h e b a c k l o g e r r o r of p ig 

i n t e n t i o n s 
T i m e t a k e n to a d j u s t the s o w c a p a c i t y e r r o r 
S m o o t h i n g c o n s t a n t for a v e r a g i n g s o w m a r k e t 

s h i p m e n t s 

P a r a m e t e r 

P T N = 1 2 p o u n d s 

P K C = 145 p o u n d s 
T P K P = . 7 5 m o n t h 

T A P K I = 2 m o n t h s 
I C D D « . 25 m o n t h 
P A J T = 5 0 , 0 0 0 l b s 2 / 

c e n t 
T A H P = 5 m o n t h s 

M e a t P a c k i n g C o n t r o l S e c t o r 

E x p l a n a t i o n 

M a g n i t u d e of a 10% s t e p in the w e i g h t of p o r k 
y i e l d p e r m a r k e t hog 

A v e r a g e y i e l d of p o r k p e r m a r k e t hog 
S m o o t h i n g c o n s t a n t for a v e r a g i n g p o r k input and 

t h r o u g h p u t r a t e 
S m o o t h i n g c o n s t a n t for a v e r a g i n g p o r k input r a t e 
V a l u e of d e s i r e d f r o z e n a n d c u r e d i n v e n t o r y 

V a l u e of p r i c e a d j u s t m e n t p a r a m e t e r 
S m o o t h i n g c o n s t a n t for a v e r a g i n g hog p r i c e s 

P a r a m e t e r 

T T R I = 1 m o n t h 
R A J T = 1 m o n t h 
R O A J T = 1 m o n t h 
T A R D = 2 . 5 m o n t h s 

R e t a i l i n g C o n t r o l S e c t o r 

E x p l a n a t i o n 

T u r n o v e r t i m e for r e t a i l e r s ' i n v e n t o r y 
T i m e t a k e n to a d j u s t r e t a i l i n v e n t o r y e r r o r 
T i m e t a k e n to a d j u s t r e t a i l e r s ' o r d e r i n g 
S m o o t h i n g c o n s t a n t for a v e r a g i n g r e t a i l e r s ' 

d e m a n d to m e a t p a c k e r s 



C o n s u m p t i o n C o n t r o l S e c t o r 

P a r a m e t e r E x p l a n a t i o n 

T A C D = 2 . 5 m o n t h s S m o o t h i n g c o n s t a n t for a v e r a g i n g c o n s u m e r 
d e m a n d to r e t a i l e r s 

T T C D R = 2 m o n t h s S m o o t h i n g c o n s t a n t for a v e r a g i n g t r a d i t i o n a l 
c o n s u m e r d e m a n d 

B A J T - . 5 m o n t h s T i m e t a k e n to a d j u s t c o n s u m e r b u y i n g . 
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V I T A 

R o b e r t D a v i s L a n d e l w a s b o r n i n B i r m i n g h a m , A l a b a m a o n 

F e b r u a r y 2 3 , 1 9 4 0 . H e i s t h e s o n of H e l e n D a v i s L a n d e l and A l d e n 

W i l l i a m L a n d e l . H e g r a d u a t e d f r o m S h a d e s V a l l e y H i g h S c h o o l i n 

B i r m i n g h a m , A l a b a m a , i n J u n e 195 8. 

In S e p t e m b e r 1 9 5 8 , h e b e g a n e n g i n e e r i n g s t u d i e s at the G e o r g i a 

I n s t i t u t e of T e c h n o l o g y , A t l a n t a , G e o r g i a . W h i l e a t t e n d i n g G e o r g i a 

T e c h he w a s e l e c t e d to m e m b e r s h i p i n P i T a u S i g m a ( h o n o r a r y 

m e c h a n i c a l e n g i n e e r i n g f r a t e r n i t y ) . H e w a s a m e m b e r of the F r e s h m a n 

and V a r s i t y T e n n i s T e a m s , S i g m a C h i F r a t e r n i t y and the S tudent 

C o u n c i l . H e s e r v e d a s v i c e - p r e s i d e n t and s e c r e t a r y of S i g m a C h i 

d u r i n g h i s s o p h o m o r e and j u n i o r y e a r . In J u n e 1 9 6 2 , he g r a d u a t e d 

f r o m G e o r g i a T e c h w i t h t h e d e g r e e , B a c h e l o r of M e c h a n i c a l E n g i n e e r i n g . 

A f t e r c o m p l e t i n g t h e e n g i n e e r i n g s t u d i e s , M r . L a n d e l e n t e r e d 

the g r a d u a t e p r o g r a m i n I n d u s t r i a l M a n a g e m e n t at G e o r g i a T e c h . 

D u r i n g h i s g r a d u a t e s t u d i e s h e taught i n t h e I n d u s t r i a l M a n a g e m e n t 

D e p a r t m e n t . In D e c e m b e r 1 9 6 3 he w a s a w a r d e d the d e g r e e , M a s t e r 

of S c i e n c e i n I n d u s t r i a l M a n a g e m e n t . 

M r . L a n d e l t h e n j o i n e d t h e W e s t i n g h o u s e E l e c t r i c C o r p o r a t i o n 

in P i t t s b u r g h , P e n n s y l v a n i a a s a t r a i n e e in t h e A d v a n c e d I n d u s t r i a l 

E n g i n e e r i n g P r o g r a m . A f t e r c o m p l e t i n g t h i s p r o g r a m , he w o r k e d a s 
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a n I n d u s t r i a l E n g i n e e r in t h e A i r C o n d i t i o n i n g D i v i s i o n , S t a u n t o n , 

V i r g i n i a . In th i s a s s i g n m e n t he w o r k e d on t h e a n a l y s i s and d e s i g n of 

a m a t e r i a l f l ow s y s t e m in the m a c h i n g and a s s e m b l y o p e r a t i o n s . H e 

t h e n w a s a s s i g n e d to t h e M a t e r i a l s C o n t r o l D e p a r t m e n t a s t h e B u y e r 

of R a w M a t e r i a l s . 

On J u n e 1 3 , 1 9 6 4 , M r . L a n d e l w a s m a r r i e d to the f o r m e r 

H e l e n E l a i n e B r o k h o f f of A t l a n t a , G e o r g i a , d a u g h t e r of D r . and M r s . 

J o h n R. B r o k h o f f . 

In S e p t e m b e r 1 9 6 6 , M r . L a n d e l e n t e r e d the d o c t o r a l p r o g r a m 

i n I n d u s t r i a l E n g i n e e r i n g at G e o r g i a T e c h . W i t h the f i n a n c i a l a s s i s 

t a n c e of a N a t i o n a l A e r o n a u t i c s and S p a c e A d m i n i s t r a t i o n F e l l o w s h i p , 

h e p u r s u e d h i s g r a d u a t e s t u d i e s and r e s e a r c h on a fu l l t i m e b a s i s . 

W h i l e a g r a d u a t e s t u d e n t , he w a s e l e c t e d to m e m b e r s h i p in A l p h a P i 

Mu ( h o n o r a r y i n d u s t r i a l e n g i n e e r i n g f r a t e r n i t y ) . 

D u r i n g t h e s e y e a r s , two c h i l d r e n w e r e b o r n in to the L a n d e l 

f a m i l y - E l i z a b e t h A n n and J u l i e L y n n . 

On S e p t e m b e r 1, 1 9 6 9 M r . L a n d e l w a s a p p o i n t e d A s s i s t a n t 

P r o f e s s o r of B u s i n e s s A d m i n i s t r a t i o n i n the G r a d u a t e S c h o o l of 

B u s i n e s s A d m i n i s t r a t i o n at t h e U n i v e r s i t y of V i r g i n i a , C h a r l o t t e s v i l l e , 

V i r g i n i a . In that p o s i t i o n h e w i l l b e t e a c h i n g in the a r e a s of m a n a g e 

m e n t s y s t e m s a n a l y s i s and o p e r a t i o n s r e s e a r c h . 


