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ABSTRACT

The w este rn  l e t t u c e  in d u s try  i s  th e  m ajor s u p p l ie r  o f comm ercial 

l e t tu c e  in  th e  U n ited  S ta te s .  L e ttu c e  i s  sh ipped  from t h i s  a re a  th roughou t 

th e  c a le n d a r  y e a r .  The w este rn  l e t tu c e  in d u s t r y 's  sh ip p in g  season in  

t o t a l  c o n s is ts  o f  a c y c l i c a l  p a t te r n  o f  sh ip p in g  d i s t r i c t s  e n te r in g  and 

e x i t in g  from p ro d u c tio n . Over tim e , th e  v a r io u s  com peting d i s t r i c t s  

have had s h i f t s  in  t h e i r  in d iv id u a l  sh ip p in g  sea so n s . A d e s c r ip t iv e  

g ra p h ic  a n a ly s is  i s  made o f  th e  sh ip p in g  p a t te r n s  o f  th e  m ajor d i s t r i c t s  

to  d e term ine  th e  e x te n t o f th e s e  s h i f t s .

R eg ress io n  a n a ly s is  o f  th e  demand fo r  A rizona l e t tu c e  was based 

on w eekly o b se rv a tio n s  o f  average  sh ip p in g  p o in t p r ic e s  and t o t a l  w eekly 

sh ipm en ts. Due to  th e  n a tu re  o f  th e  commodity, s in g le  e q u a tio n  models 

a re  f e l t  to  be a p p ro p r ia te .  The r e s u l t i n g  s t a t i s t i c a l  eq u a tio n s  have 

s ig n i f i c a n t  r e g re s s io n  c o e f f i c i e n t s  f o r  q u a n ti ty  and income v a r ia b le s .  

These a re ,  how ever, o f  l i t t l e  v a lu e  as p re d ic t in g  eq u a tio n s  because o f  

h ig h  v a lu e s  o f th e  s ta n d a rd  e r r o r  o f  e s tim a te  and low v a lu e s  fo r  th e  

m u lt ip le  c o e f f ic ie n t s  o f  d e te rm in a tio n .

An excess demand model has  been fo rm u la ted  to  an a ly ze  th e  i n t r a -  

sea so n a l demand f o r  A rizona  l e t t u c e .  T h is  model r e p re s e n ts  a .co m p ara tiv e  

s t a t i c  a n a ly s is  o f  th e  ex cess demand fa c in g  a d i s t r i c t  as  i t  moves th ro u g h  

a sh ip p in g  sea so n . R eg ress io n  a n a ly s is  in  s e t s  o f four-w eek and two-week 

tim e p e rio d s  was made o f  th e  in t r a s e a s o n a l  excess demand f o r  A rizona l e t ­

tu c e . The s t a t i s t i c a l  r e s u l t s  su p p o rt th e  fo rm u la ted  m odel.

. x



A v a r ia n c e  a n a ly s is  o f w eekly A rizona l e t t u c e  p r ic e  in d ic a te s  

a  h ig h  w eekly p r ic e  v a r ia n c e . A h ig h  p ro p o r tio n  o f  th e  weekly p r ic e  

v a r ia n c e  cannot be ex p la in ed  by th e  v a r ia n c e  an d /o r co v arian ce  o f 

w eekly l e t tu c e  sh ipm en ts.



CHAPTER I

INTRODUCTION

O rg a n iz a tio n  and O b je c tiv e s

The m a jo r ity  o f  th e  com m ercial l e t tu c e  p ro d u c tio n  in  th e  U n ited  

S ta te s  ta k es  p la c e  in  a f o u r - s t a t e  a re a  c o n s is t in g  o f  C a l i f o r n ia ,  A rizona , 

Texas and New M exico. T h is  f o u r - s t a t e  a re a  ( h e r e a f te r  r e f e r r e d  to  as th e  

w este rn  l e t tu c e  in d u s try )  h as c o n s is te n t ly  accounted  f o r  over 85 p e rc e n t 

o f  th e  t o t a l  y e a r ly  U n ited  S ta te s  com m ercially  produced l e t t u c e  (T ab le  1 ) .

T h is  th e s i s  p re s e n ts  th e  work and th e  f in d in g s  o f  an a n a ly s is  o f 

th e  w e ste rn  l e t t u c e  in d u s t ry .  S p e c if ic  em phasis i s  p laced  on th e  A rizona 

l e t tu c e  p roducing  d i s t r i c t s .  The a n a ly s is  c o n s is ts  o f  d e s c r ip t iv e  and 

g ra p h ic  a n a ly se s  o f  s h i f t s  in  th e  se a so n a l sh ip p in g  p a t te r n s  o f  th e  m ajor 

d i s t r i c t s  in  th e  w e ste rn  l e t t u c e  in d u s try .  The demand fo r  A rizona d is ­

t r i c t  l e t t u c e  i s  analyzed  f o r  th e  p e r io d  1948 th rough  1967, w ith  th e  two 

m ajor d i s t r i c t s ,  c e n t r a l  A rizona  and Yuma, A rizona, b e in g  analyzed  sepa­

r a t e l y .  Weekly average  p r ic e s  and w eekly q u a n t i ty  d a ta  a re  analyzed  fo r  

each d i s t r i c t .

S h i f t s  in  th e  sea so n a l sh ip p in g  p a t te r n s  o f  th e  m ajor d i s t r i c t s  

in  th e  w este rn  l e t t u c e  in d u s try  have been p re v io u s ly  in v e s t ig a te d  by 

H illm an (1955). The a n a ly s is  o f  s h i f t s  in  t h i s  r e p o r t  w i l l  be s im ila r  

to  th e  work by H illm an , b u t w i l l  u se  thousands o f  c a r to n s  r a th e r  th an  

r a i l  c a r lo a d s  as th e  u n i t  o f  m easure f o r  q u a n t i ty  o f  sh ipm en ts. The u se  

o f  c a r lo a d s  as a m easure o f  q u a n t i ty  o f  l e t t u c e  sh ipped  does n o t a llow

1
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T ab le  1. P e rcen tag e  o f  U n ited  S ta te s  L e ttu c e  P ro d u c tio n  by M ajor 
P roducing  S ta te s .

Y ear C a l i f o r n ia A rizona Texas New Mexico
T o ta l  Four 

S ta te s
O ther

D i s t r i c t s

1948 63 .4 21.0 1 .3 .1 85 .9 14.1
1949 63.9 20.7 1 .6 .2 8 6 .4 13.6
1950 63 .4 19.3 3 .7 .2 86 .6 13.4
1951 60 .4 21.7 3 .5 .2 85 .8 14.2
1952 62.9 17.9 4 .4 .4 8 5 .6 14.4
1953 . 63 .3 17.3 4 .6 .5 85 .7 14.3
1954 62.3 16.4 6 .6 .3 85 .7 14.3
1955 64 .3 18.0 5 .6 .4 88 .4 11.6
1956 61 .1 20.0 6 .7 .4 8 8 .2 11.8
1957 61 .1 21.4 4 .2 .8 87 .5 12.5
1958 54 .3 28.3 2.9 1 .8 8 7 .4 12.6
1959 57 .8 26.8 2 .2 1 .1 88 .0 12.0
1960 5 8 .4 25.0 4 .0 .8 88 .2 11.8
1961 57 .8 26.6 3 .1 .6 • 88 .1 11.9
1962 58 .8 25.6 1 .9 .6 86.9 13.1
1963 59 .1 24.8 2 .6 .8 87 .4 12.6
1964 58 .9 24.6 3 .0 1 .0 87 .5 12.5
1965 58 .3 24.5 2 .8 1 .9 87 .6 12.4
1966 62.5 21.9 2 .0 2 .7 89 .1 10.9
Low 54 .3 16 .4 1 .3 .1 85 .6 10.9
High 64.3 28.3 6 .7 2 .7 89 .1 14.4
Average 60.6 22 .2 3 .5 .8 8 7 .2 12.8

Source: P e rcen tag e  computed from y e a r ly  shipm ent d a ta  tak en  from th e
F e d e ra l -S ta te  M arket News S e rv ic e , U n ited  S ta te s  D epartm ent o f  
A g r ic u ltu re , M arketing  C e n tra l  and E a s te rn  A rizona L e t tu c e , 
B r ie f  Summary o f  F a l l  and S p ring  Season , Annual i s s u e s  1948-67, 
P hoen ix , A rizo n a .
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fo r  th e  in c re a se d  lo ad  c a p a c ity  o f  tru c k s  and r a i l c a r s  t h a t  has o ccu rred  

over tim e . The u se  o f  thousands o f  c a r to n s  as a m easure o f  q u a n t i ty  

g iv e s  a  more a c c u ra te  p ic tu r e  o f  changes th a t  have o ccu rred  over th e  

p e r io d  s in c e  1948. M ik liu s  (1966) u sed  w eekly q u a n ti ty  and average 

p r ic e  d a ta  w ith  q u a n t i ty  d a ta  in  term s o f  c a r lo a d s  p e r  week. Thus, he 

does n o t account fo r  th e  change in  p e r  u n i t  c a p a c ity  o f  th e  c a r r i e r s .

T h is  th e s i s  i s  o rg an ized  in  th e  fo llo w in g  m anner. The rem ainder 

o f  t h i s  c h a p te r  p re s e n ts  an o u t l in e  o f  th e  o b je c t iv e s  o f  th e  s tu d y  and 

a  d e s c r ip t io n  o f  th e  w e ste rn  l e t t u c e  in d u s try .  I n  th e  n e x t c h a p te r ,  th e  

co n cep tu a l model used  in  th e  a n a ly s is  o f  demand f o r  l e t t u c e  i s  fo rm u la ted . 

An a n a ly s is  o f  th e  s h i f t s  in  th e  sh ip p in g  p a t te r n s  o f  th e  m ajo r d i s t r i c t s  

in  th e  w este rn  l e t t u c e  in d u s try  i s  p re s e n te d  in  th e  t h i r d  c h a p te r . An 

a n a ly s is  o f  demand f o r  th e  c e n t r a l  A rizona d i s t r i c t  l e t t u c e  and fo r  th e  

Yuma d i s t r i c t  l e t t u c e  i s  p re s e n te d  in  C hapter IV . P r ic e  v a r ia t io n s  f o r  

th e  c e n t r a l  A rizona  d i s t r i c t  and f o r  th e  Yuma d i s t r i c t  a re  analyzed  in  

C hapter V. A d is c u s s io n  o f  th e  t o t a l  a n a ly s is  and th e  r e s u l t i n g  co n clu ­

s io n s  a re  p re s e n te d  in  th e  f i n a l  c h a p te r .

The o b je c t iv e s  o f  t h i s  th e s i s  a re :

1 . To an a ly ze  th e  s h i f t s  in  th e  sea so n a l sh ip p in g  p a t te r n s  o f  

th e  m ajor d i s t r i c t s  in  th e  w e ste rn  l e t tu c e  in d u s t ry .

2. To develop an economic model f o r  a n a ly z in g  th e  s t r u c tu r e  

o f  demand fo r  A rizona l e t t u c e  based  on w eekly average  p r ic e  

and w eekly shipm ent d a ta .

To an a ly ze  th e  demand s t r u c tu r e  f o r  A rizona l e t t u c e  f o r  

an n u a l, se a so n a l and in t r a s e a s o n a l  p e r io d s .

3 .



4 . To examine th e  r e la t io n s h ip  between v a r ia t io n s  in  A rizona

p r ic e  and v a r ia t io n s  in  q u a n t i ty  o f  l e t tu c e  sh ip p ed .

The W estern L e ttu c e  In d u s try

T ab le  1 shows, by s t a t e ,  th e  p o r t io n  o f th e  U n ited  S ta te s  l e t t u c e  

shipm ents o r ig in a t in g  from th e  w e ste rn  l e t tu c e  in d u s try  f o r  th e  p e r io d  

o f th e  a n a ly s is .  As can be see n , C a l i f o r n ia  i s  th e  l a r g e s t  sh ip p e r  o f  

l e t tu c e  in  th e  w e ste rn  l e t t u c e  in d u s t ry ,  fo llow ed  by A rizona , Texas and 

New M exico.

The C a l i f o r n ia  D i s t r i c t s

C a l i f o r n ia  has th r e e  m ajor l e t t u c e  p roducing  d i s t r i c t s ,  th e  

S a lin a s -W a tso n v ille  d i s t r i c t ,  th e  Im p e ria l V a lley  d i s t r i c t ,  and th e  

so u th e rn  C a l i f o r n ia  d i s t r i c t .  (See F ig u re  1 fo r  th e  lo c a t io n s . )  For 

th e  p e r io d  1948-66, an average  o f  60 p e rc e n t o f th e  l e t tu c e  shipm ents in  

th e  U n ited  S ta te s  o r ig in a te d  in  C a l i f o r n ia .

The S a lin a s -W a tso n v ille  d i s t r i c t  i s  th e  dom inant sh ip p e r  o f  

l e t t u c e  in  th e  U n ited  S ta te s  d u rin g  th e  summer seaso n . L e ttu c e  i s  

sh ipped  from t h i s  d i s t r i c t  fo r  th e  months o f A p ril  th rough  November.

D uring th e  summer sea so n , sh ipm ents o f  l e t t u c e  from s t a t e s  o th e r  th an  

th o se  o f  th e  w e ste rn  l e t t u c e  in d u s try  a re  th e  main c o m p e titio n  to  l e t t u c e  

shipm ents from th e  S a lin a s -W a ts o n v ille  d i s t r i c t .  At th e  s t a r t  and a t  th e  

end o f  th e  sh ip p in g  season  f o r  th e  S a lin a s -W a tso n v ille  d i s t r i c t ,  shipm ents 

from th e  c e n t r a l  A rizona  d i s t r i c t  and th e  so u th e rn  C a l i fo rn ia  d i s t r i c t  

re p re s e n t  th e  m ain c o m p e titio n .

The Im p e ria l V a lley  d i s t r i c t  i s  th e  m ajor sh ip p e r  o f  l e t t u c e  

d u rin g  th e  w in te r  sea so n . The sh ip p in g  season  f o r  th e  Im p e ria l V a lley

4
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d i s t r i c t  s t a r t s  in  th e  e a r ly  weeks o f December and ex tends in to  th e  month 

o f  A p r i l .  L e ttu c e  from th e  Im p e ria l V a lley  d i s t r i c t  i s  in  co m p e titio n  

w ith  t h a t  o f  th e  Yuma d i s t r i c t  and th e  Texas d i s t r i c t  d u rin g  th e  m idd le  

o f  th e  w in te r  seaso n . At th e  s t a r t  and a t  th e  end o f  th e  sh ip p in g  season  

f o r  th e  Im p e ria l V a lley  d i s t r i c t ,  l e t t u c e  shipm ents from th e  so u th e rn  

C a l i f o r n ia  d i s t r i c t  and th e  c e n t r a l  A rizona d i s t r i c t  compete w ith  l e t t u c e  

shipm ents from th e  Im p e ria l V a lley  d i s t r i c t .

The so u th e rn  C a l i f o r n ia  d i s t r i c t  h as two d i s t i n c t  sh ip p in g  

p e r io d s ,  l a t e  f a l l  seaso n  (November th rough  December) and e a r ly  sp r in g  

season  (March th rough  M ay). The main c o m p e titio n  i s  from  shipm ents from 

th e  c e n t r a l  A rizona  d i s t r i c t ,  th e  Im p e ria l V a lley  d i s t r i c t  and th e  Yuma 

d i s t r i c t .

The A rizona D i s t r i c t s

A rizona i s  second to  C a l i f o r n ia  in  th e  t o t a l  amount o f  l e t t u c e  

sh ip p ed  f o r  th e  p e r io d  o f th e  a n a ly s i s .  A rizona l e t t u c e  shipm ents 

account fo r  an average  o f  22 p e rc e n t o f  th e  l e t t u c e  sh ipm ents in  th e  

U n ited  S ta te s  fo r  th e  y e a rs  1948 th rough  1966 (T ab le  1 ) .  A rizona i s  

d iv id e d  in to  two m ajor sh ip p in g  d i s t r i c t s ,  th e  c e n t r a l  A rizona d i s t r i c t  

and th e  Yuma d i s t r i c t .  (See F ig u re  1 fo r  th e  lo c a t io n s . )

The c e n t r a l  A rizona d i s t r i c t  encompasses a l l  th e  l e t t u c e  

sh ip p in g  a re a s  in  A rizona ex c lu d in g  th e  Yuma d i s t r i c t ,  b u t i t  c o n ta in s  

s e v e ra l  f a i r l y  d i s t i n c t  s u b d i s t r i c t s .  L e ttu c e  i s  sh ipped  from th e  

c e n t r a l  A rizona d i s t r i c t  in  two d i s t i n c t  se a so n s . The f a l l  season  

s t a r t s  in  Septem ber and ex ten d s th ro u g h  th e  month o f  December. The 

s p r in g  season  s t a r t s  in  th e  f i r s t  week o f  March and ex ten d s in to  J u ly .
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The f a l l  sh ip p in g  season  s t a r t s  in  th e  W illcox  s u b d i s t r i c t  and 

then  moves in to  th e  A g u ila , S a l t  R iv e r V a lle y , D ix ie  and Red Rock su b d is ­

t r i c t s .  D uring th e  s p r in g  seaso n , t h i s  sequence i s  re v e rs e d . The S a l t  

R iv er V a lley  s u b d i s t r i c t  i s  th e  o ld e s t  l e t t u c e  sh ip p in g  s u b d i s t r i c t  in  

A rizona and accoun ts f o r  th e  l a r g e s t  amount o f l e t t u c e  sh ipped  each y e a r .  

T ab le  2 shows th e  r e l a t i v e  p ro p o r tio n s  o f  l e t t u c e  sh ipped  from A rizona 

by each s u b d i s t r i c t  f o r  th e  y e a rs  1958 th rough  1967.

In  th e  m idd le  o f  i t s  sh ip p in g  seaso n , l e t t u c e  shipm ents from 

th e  c e n t r a l  A rizona d i s t r i c t  a re  in  d i r e c t  c o m p e titio n  w ith  th o se  o f 

th e  New M exico, so u th e rn  C a l i f o r n ia  and Texas d i s t r i c t s .  L e ttu c e  sh ipped  

from th e  Yuma d i s t r i c t  and th e  Im p e ria l V a lley  d i s t r i c t  com petes w ith  th e  

sh ipm ents from th e  c e n t r a l  A rizona d i s t r i c t  a t  th e  end o f  th e  f a l l  season  

and a t  th e  s t a r t  o f  th e  s p r in g  sea so n . L e ttu c e  sh ipm ents from th e  

S a lin a s -W a tso n v ille  d i s t r i c t  compete w ith  th o se  o f  th e  c e n t r a l  A rizona 

d i s t r i c t  a t  th e  s t a r t  o f  th e  f a l l  season  and a t  th e  end o f  th e  sp r in g  

seaso n .

The Yuma d i s t r i c t  i s  second o n ly  to  th e  Im p e ria l V a lley  d i s t r i c t  

as a sh ip p e r  o f  l e t t u c e  d u rin g  th e  w in te r  seaso n . The sh ip p in g  season  

f o r  th e  Yuma d i s t r i c t  s t a r t s  in  th e  f i r s t  week o f  November and ex tends 

th rough  th e  month o f  A p r i l .  L e ttu c e  sh ipped  from  th e  Yuma d i s t r i c t  i s  

in  d i r e c t  c o m p e titio n  w ith  sh ipm ents from th e  Im p e ria l V a lley  d i s t r i c t  

and th e  Texas d i s t r i c t .  At th e  s t a r t  and a t  th e  end o f  th e  sh ip p in g  

season  f o r  th e  Yuma d i s t r i c t ,  l e t t u c e  sh ipm ents from  th e  c e n t r a l  A rizona 

d i s t r i c t  and th e  so u th e rn  C a l i f o r n ia  d i s t r i c t  compete w ith  th o se  o f  th e  

Yuma d i s t r i c t .



T ab le  2. S easonal Shipm ents o f  C e n tra l A rizona D i s t r i c t  L e ttu c e , in  Thousands o f  C arto n s , by Each 
M ajor P ro d u c tio n  Area (1958-67 ).

Year
A guila

S a l t  R iv e r 
V a lley D ix ie 3 Red Rock U illc o x

F a l l Spring F a l l S pring F a l l S p ring F a l l Spring F a l l S pring

1958 718 1,832 5,218 7,914 298 1,104

1959 1,104 1,948 5,523 7,135 1,462 1,020

1960 2,009 2,222 4 ,870 7,026 1,356 1,260

1961 1,696 2,100 5 ,332 7,289 1,215 1,052

1962 1,697 1,313 4 ,186 4 ,788 990 1,254 654 966 1,289 1,089

1963 1,218 1,475 3,937 5,130 1,000 1,472 501 863 588 998

1964 1,058 739 3,574 4 ,580 631 1,248 628 776 968 814

1965 812 909 3,630 4 ,143 674 1,261 353 1,143 997 1,070

1966 531 218 4 ,330 3,800 802 836 1,054 1,081 887 775

1967 423 584 3,674 4 ,022 700 755 1,218 2,064 572 508

a . Shipm ents from D ix ie  and Red Rock were in c lu d e d  in  th e  S a l t  R iv e r V alley  shipm ents p r io r  
to  th e  1962 seaso n .

Source: . F e d e ra l -S ta te  M arket News S e rv ic e , U n ited  S ta te s  D epartm ent o f  A g r ic u l tu re ,  M arketing  C e n tra l 
and E a s te rn  A rizona L e ttu c e , B r ie f  Summary o f  F a l l  and S pring  S eason , annual is s u e s  1948-67, 
P hoen ix , A rizona.
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The Texas D i s t r i c t s

Texas l e t t u c e  sh ipm ents o r ig in a te  from th re e  r e l a t i v e l y  sm all 

s u b d i s t r i c t s :  th e  H e re fo rd  s u b d i s t r i c t ,  sh ip p in g  d u rin g  th e  l a t e  f a l l

and e a r ly  s p r in g  season ; th e  W inter Garden s u b d i s t r i c t ,  sh ip p in g  d u rin g  

th e  e a r ly  weeks o f  th e  w in te r  seaso n ; and th e  low er Rio Grande V a lley  

s u b d i s t r i c t ,  sh ip p in g  th ro u g h o u t th e  w in te r  seaso n . (See F ig u re  1 f o r  

th e  lo c a t io n  o f  d i s t r i c t s . )  T o ta l  Texas sh ipm ents a re  q u i te  sm all when 

compared to  th o se  o f  A rizona and C a l i f o r n ia .  For th e  y e a rs  1948 th rough  

1966, l e t t u c e  shipm ents from th e  Texas d i s t r i c t s  averaged  s l i g h t l y  more 

th an  th r e e  p e rc e n t o f  sh ipm ents in  th e  U n ited  S ta te s  (T ab le  1 ) .

The New Mexico D i s t r i c t s

New Mexico acco u n ts  f o r  on ly  a  sm all p o r t io n  o f  th e  t o t a l  s h ip ­

m ents in  th e  U n ited  S ta te s .  The average  i s  l e s s  th an  one p e rc e n t o f  th e  

t o t a l  sh ipm ents (T ab le  1 ) .  P ro d u c tio n  o f  l e t t u c e  i s  s c a t te r e d  th rough  

New Mexico w ith  91 p e rc e n t (Jam es, 1963) being  produced in  th e  th r e e  

c o u n tie s  o f  Dona Ana, V a len c ia  and T aos. (See F ig u re  1 f o r  l o c a t io n s . )  

Shipm ents o r ig in a te  from  th e  New Mexico d i s t r i c t  in  th e  f a l l  season  

d u rin g  th e  months o f  O ctober and November and in  th e  s p r in g  season  d u rin g  

th e  m onths o f  May and J u n e .

O th er D i s t r i c t s

In  th e  1966-67 seaso n , 18 s t a t e s ,  o th e r  th a n  th o se  o f  th e  w este rn  

l e t t u c e  in d u s t ry ,  re p o r te d  com m ercial l e t t u c e  sh ipm en ts. C olorado , F lo r ­

id a  and New York a re  th e  th re e  l a r g e s t  sh ip p e rs  o f  t h i s  g roup . L e ttu c e  

i s  sh ip p ed  from a t  l e a s t  1 o f  th e  18 s t a t e s  th ro u g h o u t th e  y e a r  excep t 

d u rin g  th e  w in te r  seaso n . T ab le  1 shows t h a t  t h i s  c a te g o ry , on th e



av erag e , accoun ts  f o r  over 12 p e rc e n t o f  t o t a l  l e t t u c e  shipm ents in  

th e  U n ited  S ta te s  f o r  th e  y e a rs  1948 th rough  1966.



CHAPTER I I

CONCEPTUAL MODELS AND DATA PREPARATION 

Farm Level Demand

The farm  le v e l  demand shou ld  be though t o f  as be ing  d e riv ed  from 

th e  demand a t  th e  consumer l e v e l .  T h is  r e la t io n s h ip ,  as s ta t e d  by 

Thomsen (1951), i s  "The demand f o r  p ro d u c ts  a t  th e  farm  end o f  th e  

m ark e tin g  system  c o n s is ts  o f  consumer demand ( i . e . , p r ic e s  which con­

sumers w i l l  pay f o r  d i f f e r e n t  q u a n t i t i e s )  minus a sch ed u le  o f  m arke ting  

ch arg es  ( i . e . , p e r  u n i t  m ark e tin g  m argins a s s o c ia te d  w ith  d i f f e r e n t  

q u a n t i t i e s  m a rk e te d ) ."  These m ark e tin g  m argins can a f f e c t  th e  r e l a t i o n ­

sh ip  betw een th e  farm  le v e l  demand and consumer demand in  d i f f e r e n t  ways.

I f  th e  m arket charge  i s  a f ix e d  p e r u n i t  r a t e ,  independent o f  th e  

p r ic e  p a id  by consumers o r  th e  q u a n t i ty  demanded, then  th e  d e riv e d  farm  

demand curve  would be p a r a l l e l  to  and below th a t  o f th e  consumer demand 

cu rv e . T h is  i s  i l l u s t r a t e d  in  F ig u re  2 . The consumer demand (D^) and 

th e  farm  le v e l  demand (D^) a re  in  th e  upper d iagram , and m ark e tin g  charge  

i s  re p re se n te d  by th e  h o r iz o n ta l  l i n e  in  th e  low er d iagram . A movement 

from th e  consumer demand curve  to  th a t  o f  th e  farm  le v e l  demand curve  

(p o in t a to  p o in t  b) would r e s u l t  in  a low er p r i c e  (? c > P f) f o r  g iven  

q u a n t i ty  (Q ^). Thus, as i s  i l l u s t r a t e d  by th e  fo llo w in g  e q u a tio n s , th e  

p r ic e  e l a s t i c i t y  fo r  th e  farm  le v e l  demand curve  would be l e s s  th a n  th a t  

o f  th e  consumer le v e l  demand c u rv e .

11
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FIGURE 2  DERIVED DEMAND — CONSTANT MARKUP MARKET CHARGE
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P r ic e  P > P r ic e  P . c f

AQ/AP o f  D = AQ/AP o f D 
c f

Q u an tity  i s  c o n s ta n t 

P r ic e  E l a s t i c i t y  (E^) = aQ/AP • P/Q

In  th e  case  o f an in c re a s in g  p e r  u n i t  m arkup, th e  farm  le v e l  

demand curve  would be r e l a t e d  to  th e  consumer le v e l  demand curve  as i s  

i l l u s t r a t e d  in  F ig u re  3 . A movement from th e  consumer demand curve  to  

th e  farm  le v e l  demand curve  (p o in t  a to  p o in t  b) would r e s u l t  in  a low er 

p r ic e  (Pc > P j)  f o r  th e  g iven  q u a n t i ty  (Q^) and a d ec rea se  in  th e  s lo p e  

(AQ/AP). Thus, as  i l l u s t r a t e d  by th e  fo llo w in g  e q u a tio n s , th e  p r ic e  

. e l a s t i c i t y  o f  th e  farm  le v e l  demand curve  would be le s s  th an  th a t  o f  th e  

consumer le v e l  demand c u rv e .

P r ic e  ? c > P r ic e  P^

AQ/AP o f  > AQ/AP of

Q u an tity  Q i s  c o n s ta n t 
1

P r ic e  E l a s t i c i t y  (E^) = AQ/AP • P/Q

In  th e  case  o f p e rc en ta g e  m arkup, e i t h e r  o f  th e  e l a s t i c i t i e s  may 

be la r g e r  th an  th e  o th e r .  I f  th e  m arket charge  p e r u n i t  i s  a c o n s ta n t 

p e rc e n ta g e  o f  th e  r e t a i l  p r i c e ,  th e  farm  le v e l  demand curve  would have 

a s lo p e  more n e a r ly  h o r iz o n ta l  th an  th e  consumer demand c u rv e . The r e l a ­

t i v e  e l a s t i c i t i e s  a t  p o in ts  such as p o in t  (a )  and p o in t  (b) in  F ig u re  4 

depend upon w hether th e  p ro p o r t io n a te  change in  th e  s lo p e  i s  g r e a te r  o r  

l e s s  th an  th e  p ro p o r t io n a te  change in  th e  r a t i o  (P /Q ).
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Ps = Pc -  Pf

■ FIGURE 3 DERIVED DEMAND -  INCREASING MARKUP MARKET CHARGE
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•FIGURE 4  DERIVED DEMAND-PERCENTAGE MARKUP MARKET CHARGE
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These r e la t io n s h ip s  between th e  demand e l a s t i c i t i e s  a t  farm  

le v e l  and consumer le v e l  a re  v a l id  o n ly  under th e  assum ptions o f  l in e a r  

demand a t  farm  and consumer le v e l s .

Waugh (1964) in d ic a te s  t h a t  many s tu d ie s  on farm  p ro d u c ts  show 

th a t  th e  m arket charge  i s  n o t o f  any one type  b u t a co m b in a tio n . T h is 

would seem to  be c o n s is te n t  w ith  th e  ty p es  o f ch arg es  fo r  v a r io u s  mar­

k e tin g  s e rv ic e s  perform ed on l e t t u c e  as  i t  moves from th e  farm  to  th e  

f i n a l  consum er. The t o t a l  m arket charge s e p a ra t in g  farm  le v e l  demand 

from th a t  o f  consumer le v e l  demand f o r  l e t tu c e  i s  a  com bination  o f  h a r ­

v e s t in g ,  p ackag ing , t r a n s p o r ta t io n ,  b ro k e rag e , w h o le sa lin g  and r e t a i l i n g  

c o s ts .

The h a rv e s t in g  c o s t  can be c o n sid e red  an in c re a s in g  c o s t  fu n c tio n . 

T h is  i s  dependent upon th e  a v a i la b le  supp ly  o f l e t t u c e .  I f  m ark e tab le  

l e t t u c e  i s  in  s h o r t  su p p ly , th e  a v a i la b le  f i e l d s  o f  l e t t u c e  w i l l  re c e iv e  

s e v e ra l  c u t t in g s .  T h is  w i l l  in v o lv e  h ig h e r  p e r u n i t  c o s t  as th e  f i e l d  

d e n s i ty  d e c re a se s .

T ra n s p o r ta t io n  and packag ing  c o s t  fo r  th e  sh ip p e r  o f  l e t t u c e  i s  

u s u a l ly  co n sid e re d  to  be f ix e d  p e r  u n i t .  . I n  th e  case  o f  la rg e  volume 

sh ipm en ts, c e r t a in  economies can be ga ined  by th e  u se  o f th e  e x tr a  la rg e  

r e f r i g e r a t o r  c a r .  R a ilro a d s  o f f e r  p e r  u n i t  p r ic e  re d u c tio n  as inducem ents 

to  u se  th e  la rg e  volume r e f r i g e r a t o r  c a r s .

C o sts  r e s u l t i n g  from b ro k erag e  and w h o le sa lin g  a c t i v i t i e s  can be 

a  com bination  o f  d i f f e r e n t  ty p es  o f m arket c h a rg es , depending upon th e  

p o l ic y  o f  th e  p a r t i c u l a r  f irm . C o n stan t p e rc e n ta g e  markups a re  common 

f o r  f r e s h  p roduce a t  th e  r e t a i l  l e v e l .
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S h i f t s  in  Demand

In  th e  u se  o f t i n e  s e r i e s  d a ta  fo r  e s tim a tio n  o f  demand fo r  a  

commodity, s h i f t s  can occu r in  th e  demand fu n c tio n . To a r r iv e  a t  a good 

e s tim a te  o f demand, th e s e  s h i f t s  have to  be tak en  in to  a cc o u n t. In  t h i s  

a n a ly s is ,  two ty p es  o f  s h i f t  v a r ia b le s  a re  c o n s id e re d .

Zero-One V a ria b le

I t  i s  im p l ic i t  in  r e g re s s io n  a n a ly s is  th a t  th e  s t r u c tu r e  gener­

a t in g  th e  d a ta  i s  c o n s ta n t o v er th e  p e r io d  o f  tim e covered  by th e  d a ta .

I n  th e  u se  o f  tim e s e r i e s  d a ta ,  a zero -o n e  v a r ia b le  can be in c lu d ed  in  

a r e g re s s io n  a n a ly s is  to  a llow  f o r  d i s c r e te  changes in  th e  s t r u c tu r e .

A s ig n i f i c a n t  r e g re s s io n  c o e f f ic ie n t  fo r  th e  zero -o n e  v a r ia b le  im p lie s  

a s ig n i f i c a n t  change in  th e  s t r u c tu r e  from one p e r io d  to  a n o th e r , b u t i t  

i s  o f  l i t t l e  p r e d ic t iv e  v a lu e  a s  i t  does n o t in d ic a te  th e  e x ac t n a tu re  

o f  th e  change.

P e r C a p ita  D isp o sab le  Income

The u se  o f  income as a  demand s h i f t e r  im p lie s  th a t  a change in  

th e  l e v e l  o f  p e r  c a p i ta  d isp o sa b le  income would r e s u l t  in  a  change in  th e  

q u a n t i ty  consumed, e v e ry th in g  e l s e  rem ain ing  unchanged. The income e f f e c t  

upon consum ption o f  a commodity can be c l a s s i f i e d  as a  p o s i t iv e  r e l a t i o n ­

s h ip , a  n e g a tiv e  r e la t io n s h ip  o r  no r e l a t io n s h ip .  The demand fo r  f r e s h  

v e g e ta b le s  i s  g e n e ra l ly  co n sid e re d  to  e x h ib i t  a p o s i t iv e  r e la t io n s h ip  

betw een changes in  d isp o sa b le  income and changes in  consum ption. T h is  

r e la t io n s h ip  between income and consum ption i s  i l l u s t r a t e d  in  F ig u re  5 .

Demand curve (D_ ) r e p re s e n ts  th e  demand f o r  l e t t u c e  a t  income le v e l  ( I  ) .
1 1 

The income consum ption cu rve  (1^ ) r e p re s e n ts  th e  consum ption o f  l e t t u c e
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FIGURE 5 DEMAND -  INCOME RELATIONSHIP

I
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a t  p r ic e  (P ^ ) . H old ing  p r ic e  a t  (P ^ ) , an in c re a s e  in  th e  le v e l  o f  income

to  ( I g ) ,  would r e s u l t  in  a s h i f t  in  th e  demand curve  to  (D ) .  Thus, a
X2

la r g e r  q u a n t i ty  i s  consumed a t  p r ic e  (P ^ ) . The income e l a s t i c i t y  o f  

demand i s  d e fin e d  by th e  fo llo w in g  eq u a tio n :

EI  = 6Q/AI • I/Q

In  F ig u re  5 , a  movement from income le v e l  (1^) to  ( I^ )  h o ld in g

p r ic e  a t  (P^) r e s u l t s  in :

tAQ+AI

X2 " h
Q2 > Qj.

El > °

In  t h i s  a n a ly s is ,  th e  demand e q u a tio n  i s  o f  th e  fo llo w in g  g e n e ra l

form:

P = bo 4- bqQ +  b i l  +  e

The income r e g re s s io n  c o e f f i c i e n t  (b i)  i s  th e  change in  p r ic e  as  a  

r e s u l t  o f a change in  income. I n  o rd e r  to  e s tim a te  th e  income e l a s t i c i t y  

c o e f f i c i e n t ,  th e  fo llo w in g  eq u a tio n  i s  used :

= ( - )  b i /b q  • I/Q

T h is  r e la t io n s h ip  i s  i l l u s t r a t e d  in  F ig u re  6 . Demand curve  (D )
I 1

re p re s e n ts  th e  r e l a t io n s h ip  betw een th e  p r ic e  o f  l e t t u c e  and th e  q u a n t i ty ,  

o f l e t t u c e .  The p ric e -in c o m e  curve  (P I) r e p re s e n ts  th e  r e la t io n s h ip  

between th e  p r ic e  o f  l e t t u c e  and p e r  c a p i t a  income. The re g re s s io n  te c h ­

n iq u e  -w ith  p r ic e  as th e  dependent v a r ia b le  h o ld s  q u a n t i ty  consumed con­

s t a n t  a t  (Q .) and an in c re a s e  in  th e  l e v e l  o f  income from  ( I . )  to  ( I „ )

r e s u l t s  in  a s h i f t  outw ard o f  th e  demand curve  (D ) to  cu rve  (D ) and
• \  X2



P/u
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a p r ic e  in c re a s e  from (P^) to  (P ^ ) . B u t, th e  income e l a s t i c i t y  o f  demand 

concerns th e  change in  q u a n ti ty  tak en  in  r e l a t i o n  to  a change in  income 

w h ile  h o ld in g  p r ic e  c o n s ta n t .  The n e c e ssa ry  tra n s fo rm a tio n  i s  e q u iv a le n t 

to  a movement from  p o in t  (b) to  p o in t  (a ) in  F ig u re  6 . The m athem atica l 

e q u iv a le n t o f t h i s  tra n s fo rm a tio n  i s  th e  r a t i o  ( b i / b q ) .

E x cess  Demand

The t o t a l  m arket demand f o r  l e t t u c e  i s  a concep t showing th e  

ag g re g a te  demands o f  a l l  buyers  in  th e  e n t i r e  m ark e t. T h is  i s  th e  

demand th a t  fa c e s  th e  e n t i r e  l e t t u c e  p ro d u c t io n .in d u s t ry . The r e le v a n t  

demand fa c in g  any one d i s t r i c t  i s  th e  t o t a l  m arket demand le s s  th e  quan­

t i t y  su p p lie d  by o th e r  d i s t r i c t s  a t  each p r i c e .  T h is  concep t i s  known 

as ex cess demand.

The d e r iv a t io n  o f  ex cess demand may be i l l u s t r a t e d  th rough  th e  

u se  o f  F ig u re  7 . T o ta l  m arket demand i s  re p re se n te d  by (D ^), w h ile  

(Sw) r e p re s e n ts  th e  q u a n t i ty  o f  l e t t u c e  su p p lie d  a t  each p r ic e  by th e  

S a lin a s -W a tso n v ille  d i s t r i c t .  Demand curve  (D^) i s  th e  excess demand 

curve  fa c in g  th e  c e n t r a l  A rizona  d i s t r i c t  and (S^) r e p re s e n ts  th e  l e t t u c e  

su p p lie d  a t  each p r ic e  by th e  c e n t r a l  A rizona d i s t r i c t .  The h o r iz o n ta l  

d if f e r e n c e  betw een (Dt ) and (Sw) a t  each p r ic e  g iv e s  th e  excess demand 

a t  t h a t  p r i c e .  The fo llo w in g  example i l l u s t r a t e s  th e  d e r iv a t io n  o f 

excess demand. At p r ic e  (o a ) ,  th e  t o t a l  q u a n t i ty  demanded i s  ( a c ) ; th e  

q u a n t i ty  su p p lie d  by th e  S a lin a s -W a ts o n v ille  d i s t r i c t  i s  ( a b ) ; r e s u l t in g  

in  a h o r iz o n ta l  d i f f e r e n c e  o f  l i n e  ( b e ) . H o riz o n ta l l i n e  (be) i s  equal
u

to  l i n e  ( a ’b * ) ; th u s ,  th e  h o r iz o n ta l  d i f f e r e n c e  between (S^) and (D^) i s  

eq u a l to  excess demand.
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In  th e  w este rn  l e t t u c e  in d u s try ,  over a p e r io d  o f  tim e , each 

d i s t r i c t  h as  e s ta b l is h e d  a  d e f in i t e  sh ip p in g  seaso n . As has been in d i ­

c a te d  in  C hapter I ,  a  crop y e a r ,  in  t o t a l ,  c o n s is ts  o f a c y c l i c a l  p a t te r n  

o f  d i s t r i c t s  e n te r in g  and e x i t in g  from p ro d u c tio n . F ig u re s  7 , 8 and 9 

i l l u s t r a t e  th e  e n te r in g  and e x i t in g  o f  d i s t r i c t s  and show how th e  model 

o f  excess demand can be used  to  u n d e rs tan d  t h i s  b e h a v io r . To e x p ed ite  

th e  a n a ly s is ,  th e  fo llo w in g  assum ptions a re  m ade:.

1. The t o t a l  m arket demand f o r  l e t t u c e  i s  l i n e a r  and unchanged 

over tim e .

2. The supp ly  o f  l e t t u c e  by a l l  d i s t r i c t s  i s  assumed to  be l i n e a r  

and p red e te rm in ed  ( th a t  i s ,  th e  q u a n t i ty  o f l e t t u c e  su p p lie d  f o r  

any one p e r io d  i s  de term ined  p r io r  to  th a t  p e r io d ) .

3 . The l e t t u c e  su p p lie d  i s  o f  homogeneous s iz e  and q u a l i ty .

4 . The t o t a l  m arket demand curve  (D^) and th e  supp ly  cu rves 

(Sw and Sa) a re  assumed to  be p re d e te rm in ed .

F ig u re  7 i l l u s t r a t e s  th e  s i t u a t i o n  in  th e  w este rn  l e t t u c e  in d u s try  

as found in  th e  month o f  Septem ber. The S a lin a s -W a tso n v ille  d i s t r i c t  i s  

th e  m ajor sh ip p e r  o f  l e t t u c e  d u rin g  t h i s  month. Supply cu rve  (Sw) re p re ­

s e n ts  th e  Septem ber supp ly  o f  l e t t u c e  by th e  S a lin a s -W a tso n v ille  d i s t r i c t  

and a l l  o th e r  d i s t r i c t s  ex c lu d in g  th e  c e n t r a l  A rizona d i s t r i c t .  The

p o s i t io n  o f  cu rve  (S ) in d ic a te s  t h a t  because  o f  env ironm en ta l f a c to r s ,
a

p ro d u ce rs  in  th e  c e n t r a l  A rizona  d i s t r i c t  cannot produce any l e t t u c e  th a t  

w i l l  be read y  f o r  m arket in  Septem ber a t  a c o s t  p e r  u n i t  th a t  i s  low er 

th an  th e  p r ic e  a t  which th e  S a lin a s -W a tso n v ille  d i s t r i c t  w i l l  p roduce 

th e  e n t i r e  m arket e q u ilib r iu m  q u a n t i ty .  The excess demand cu rve  (D^) 

does n o t i n t e r s e c t  th e  su p p ly  (S &) a t  any p o s i t iv e  q u a n t i ty .
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F ig u re  8 i l l u s t r a t e s  th e  t r a n s i t i o n a l  p e r io d  in  which th e  c e n t r a l

A rizona d i s t r i c t  i s  e n te r in g  p ro d u c tio n  and th e  S a lin a s -W a tso n v ille

d i s t r i c t  i s  e x i t in g .  Changes in  th e  env ironm enta l c o n d itio n  o f  th e  two

d i s t r i c t s  from Septem ber to  O ctober have caused th e  supply  curve (S ' )w
to  s h i f t  up and th e  supp ly  curve (S ' )  to  s h i f t  down. For th e  c e n t r a l

a
A rizona d i s t r i c t ,  th e  s h i f t  o f  (S^*) causes th e  Septem ber ex cess demand 

curve  (De) to  s h i f t  to  th e  r i g h t  to  a new p o s i t io n  (D ^ ') in  O ctober. The 

new e q u ilib r iu m  f in d s  bo th  d i s t r i c t s  su p p ly in g  l e t t u c e  a t  th e  e q u ilib r iu m  

p r ic e .

F ig u re  9 r e p re s e n ts  th e  s i t u a t i o n  in  th e  month o f  November. 

Changes in  th e  environm ent o f th e  two d i s t r i c t s  from O ctober to  November

have caused th e  su p p ly  cu rv e  (S " )  to  s h i f t  f a r th e r  up and th e  supp lyw
curve  (Sa" )  to  s h i f t  f a r t h e r  down. F o r th e  c e n t r a l  A rizona d i s t r i c t ,  

th e  s h i f t  o f  cu rve  (S^) causes th e  excess demand curve  (D^) to  c o n tin u e  

to  s h i f t  to  th e  r i g h t  to  p o s i t io n  (DeM) .  The new e q u ilib r iu m  f in d s  th e  

c e n t r a l  A rizona d i s t r i c t  su p p ly in g  th e  e n t i r e  e q u ilib r iu m  q u a n t i ty  in  

November.

The sequence o f  s h i f t s  in  th e  supp ly  cu rve  and excess demand 

cu rves o u t l in e d  in  th e  p re v io u s  d is c u s s io n  i s  re p e a te d  as th e  v a r io u s  

d i s t r i c t s  e n te r  and e x i t  d u rin g  th e  com plete c y c le  o f  a  c a le n d a r  y e a r .

As a d i s t r i c t  e x i t s  from  p ro d u c tio n , a  r e v e rs e  o f  th e  sequence, s t a r t i n g  

w ith  F ig u re  9 , o c c u rs .

The p r ic e  e l a s t i c i t y  o f  th e  excess demand curve  w i l l  u s u a l ly  

exceed th a t  o f  th e  t o t a l  demand curve  f o r  any s p e c i f ic  p r ic e  as long as 

more th an  one re g io n  i s  sh ip p in g  l e t t u c e  a t  th a t  p r i c e .  R e fe r r in g  to  

F ig u re  7 , th e  r e la t io n s h ip  between th e  p r ic e  e l a s t i c i t y  o f  th e  t o t a l
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demand curve  (D^) and th a t  o f  th e  excess demand curve  (D^) can be com­

pared  a t  p r ic e  ( o a ) . A movement from p o in t  (b 1) on curve (D^) to  

p o in t (c )  on cu rve  (D^) r e s u l t s  in  th e  fo llo w in g  r e la t io n s h ip :

P r ic e  oa = P r ic e  o a '

AQ/AP o f  Dt  < AQ/AP o f De 

Q u an tity  a*b1 < Q u a n tity  ac

P r ic e  e l a s t i c i t y  (E ) = AQ/AP • P/Q
D

• E E 
• • Dt  < De

The r e l a t i v e  p r ic e  e l a s t i c i t i e s  o f  th e  excess demand curve 

d e riv e d  in  F ig u re s  8 and 9 may be shown th rough  th e  fo llo w in g  exam ple. 

At p r ic e  (o e 1) and (o g 1) on F ig u re s  8 and 9 , r e s p e c t iv e ly ,  a movement 

from p o in t ( f )  on cu rve  (De ' )  to  p o in t  ( h 1) on cu rve  (Deu) r e s u l t s  in  

th e  fo llo w in g  r e la t io n s h ip :

P r ic e  oe* = P r ic e  og '

AQ/AP o f  De ' > AQ/AP o f De"

Q u a n tity  g 'h '  > Q u an tity  e ' f  

P r ic e  e l a s t i c i t y  (E ) =AQ/AP • P/Q

The p r i c e  e l a s t i c i t y  o f demand f o r  l e t t u c e  from any p a r t i c u l a r  

d i s t r i c t ,  as m easured on th e  ex cess demand cu rv e , would exceed t h a t  o f  

th e  t o t a l  demand curve  f o r  l e t t u c e  a t  each p r ic e  w h ile  o th e r  a re a s  a re  

su p p ly in g  s ig n i f i c a n t  q u a n t i t i e s  o f  l e t t u c e  to  th e  m ark e t. T h e re fo re , 

i t  i s  to  be ex p ec ted  th a t  th e  e f f e c t iv e  p r ic e  e l a s t i c i t y  o f  demand f o r  

a p a r t i c u l a r  d i s t r i c t  w i l l  d e c lin e  as i t s  sh a re  o f  th e  m arket in c re a s e s ,  

and th e  p r ic e  e l a s t i c i t y  o f  demand would in c re a s e  as  i t s  sh a re  o f  th e  

m arket d e c lin e d  n e a r  th e  end o f  i t s  sea so n .
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U nbiased e s tim a te s  o f  th e  s t r u c tu r a l  c o e f f ic ie n t s  o f  demand may 

be o b ta in e d  th rough  th e  u se  o f  th e  s in g le  e q u a tio n  le a s t - s q u a r e s  a n a ly s is  

i f  th e  commodity s a t i s f i e s  c e r t a in  c o n d itio n s . Fox (1953) s e t  f o r th  

th e se  c o n d itio n s  a s :

1 . The supp ly  o f  th e  crop m ust n o t be a f f e c te d  by c u r re n t  p r i c e .

2. The consum ption o f  th e  crop m ust be determ ined  by c u r re n t  

p ro d u c tio n .

3 . A change in  th e  p r ic e  an d /o r consum ption o f  th e  commodity 

m ust n o t have a  s ig n i f i c a n t  e f f e c t  upon consumer income.

4 . The p r ic e  o f  th e  commodity must n o t have a s ig n i f i c a n t  e f f e c t  

upon th e  supp ly  o f  any o th e r  commodity.

5 . The commodity must n o t have more th a n  one m ajor o u t l e t .

I f  th e  commodity does n o t conform to  th e se  c o n d it io n s , th e  

s im u ltaneous m u lt i- e q u a tio n  te ch n iq u e  shou ld  be u sed .

L e ttu c e  h as a b a s ic  demand and p r ic e  s t r u c tu r e  as  i l l u s t r a t e d  in  

F ig u re  10. The components o f  t h i s  diagram  and t h e i r  c o m p a t ib i l i ty  w ith  

th e  c o n d itio n s  p re v io u s ly  o u t l in e d  a re  d isc u sse d  in  th e  fo llo w in g  

p a ra g ra p h s .

Supply

Supply o f  l e t t u c e  i s  de term ined  by h a rv e s te d  ac reag e  and y ie ld  

p e r  a c r e .  Y ie ld s  v a ry  from y e a r  to  y e a r  because o f  w eath er d u rin g  th e  

growing seaso n , damage from d is e a s e  and in s e c t s ,  and o th e r  noneconomic 

f a c to r s .  F av o rab le  p r ic e  e x p e c ta tio n s  may induce  improved c u l tu r a l  

p r a c t ic e s  t h a t  would l i m i t  th e  e f f e c t s  o f  th e se  f a c to r s ,  th u s  l im i t in g
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t h e i r  e f f e c t  upon su p p ly . A creage p la n te d  to  l e t t u c e  i s  in f lu e n c e d  by 

p a s t  and a n t ic ip a te d  p r i c e s ,  w eath er d u rin g  th e  p la n t in g  seaso n , p a s t  

and a n t ic ip a te d  p r ic e s  o f  a l t e r n a t iv e  c ro p s , and y ie ld  o f  l e t t u c e  in  

re c e n t  y e a r s .  The d e c is io n  on th e  amount to  p la n t  i s  made by p ro d u cers  . 

p r io r  to  th e  p ro d u c tio n  seaso n .

In  t h i s  a n a ly s is ,  p ro d u c tio n  h as  been t r e a te d  as  p red e te rm in ed  

and as a v a r ia b le  t h a t  in f lu e n c e s  o th e r  v a r ia b le s  in  th e  l e t t u c e  demanded 

s t r u c tu r e  b u t i s  n o t in f lu e n c e d  by them. T h is  i s  com patib le  w ith  

F o x 's  (1953) f i r s t  c o n d itio n  f o r  th e  u n b iased  e s tim a te  o f  th e  s t r u c tu r a l  

c o e f f ic ie n t s  th ro u g h  th e  u se  o f  th e  s in g le  e q u a tio n  le a s t - s q u a r e s  

r e g re s s io n  a n a ly s is .

Because th e  b a s ic  d a ta  fo r  th e  a n a ly s is  a re  w eekly p r ic e s  and 

sh ip m en ts , i t  can  be s a f e ly  assumed th a t  q u a n t i ty  i s  more n e a r ly  p red e ­

term ined  and p r ic e  a fu n c tio n  o f  q u a n t i ty .  The dependent v a r ia b le  in  

t h i s  a n a ly s is  i s  th e  farm  le v e l  p r ic e  fo r  a  c a r to n  c o n ta in in g  two dozen 

heads o f  l e t t u c e .

Consumption

The consum ption o f  l e t t u c e  i s  eq u a l to  sh ipm ents ex cep t fo r  a  

sm all p e rc e n t t h a t  i s  l o s t  th rough  s p o ila g e . S h u f fe t t  (1954) s t a t e s  

t h a t  th e  amount l o s t ,  due to  s p o i la g e ,  ten d s  to  be f a i r l y  s ta b le  from 

y e a r to  y e a r  as a p e rc e n t o f  th e  c ro p . Once l e t tu c e  i s  h a rv e s te d , i t  

m ust be moved r a p id ly  to  th e  f i n a l  consumer to  p re v e n t s p o ila g e . The 

q u a n t i ty  consumed i s ,  in  f a c t ,  c lo s e ly  determ ined  by h a rv e s te d  p ro d u c tio n  

th e r e f o r e ,  th e  second c o n d itio n  f o r  th e  u se  o f  th e  s in g le  e q u a tio n  

le a s t - s q u a r e s  r e g re s s io n  a n a ly s is  i s  s a t i s f i e d .
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D isp o sab le  Income

D isp o sab le  consumer income i s  t r e a te d  as  p red e te rm in ed  in  t h i s  

a n a ly s is .  D isp o sab le  income in f lu e n c e s  th e  p r ic e  o f  l e t t u c e  as  i t  

m easures th e  p u rch asin g  power o f  consumers a t  th e  r e t a i l  l e v e l .  O ther 

th in g s  e q u a l, th e  p r ic e  o f  a s p e c i f ic  q u a n ti ty  o f  l e t t u c e  would be 

ex pec ted  to  v a ry  d i r e c t l y  w ith  th e  le v e l  o f  consumer income. Fox (1953) 

s t a t e s  in  h i s  a r t i c l e  t h a t  changes in  th e  supply  a n d /o r p r ic e  o f m ajor 

farm  com m odities, such as g ra in  and m eat p ro d u c ts , have o n ly  a  two to  

th r e e  p e rc e n t e f f e c t  upon consumer d isp o sa b le  income. S ince  t o t a l  farm 

income re c e iv e d  from l e t t u c e  i s  much sm a lle r  th an  th e  t o t a l  income from 

g ra in  and m eat p ro d u c ts , i t  h as been assumed th a t  changes in  th e  supply  

o f l e t tu c e  would have no s ig n i f i c a n t  e f f e c t  on d isp o sa b le  income.

T h e re fo re , th e  t h i r d  c o n d itio n  f o r  u n b ia sed  e s tim a te s  o f  s t r u c t u r a l  

c o e f f ic ie n t s  th rough  th e  s in g le  e q u a tio n  le a s t - s q u a r e s  r e g re s s io n  a n a l­

y s is  seems to  be s a t i s f i e d  in  th e  ca se  o f  l e t t u c e .

O ther Commodities and Number 
o f  M arket O u tle ts

The l a s t  two c o n d itio n s  f o r  an u n b iased  e s tim a te  o f  th e  s t r u c tu r a l  

c o e f f ic ie n t s  by s in g le  eq u a tio n  le a s t - s q u a r e s  r e g re s s io n  a n a ly s is  a re  met 

because o f  th e  n a tu re  o f  l e t t u c e  and th e  tim e u n i t s  in  which p r ic e - q u a n t i ty  

d a ta  a re  c o l le c te d .  Because o f  i t s  v e ry  n a tu re ,  l e t t u c e  i s  a p ro d u c t th a t  

i s  d e l iv e re d  to  th e  consumer in  on ly  one form and i s  n o t a d a p ta b le  to  

s to ra g e  o r  t r a n s p o r ta t io n  in v o lv in g  lo n g "p e rio d s  o f  tim e ; th u s , th e re  

i s  o n ly  one s ig n i f i c a n t  o u t l e t .  L e ttu c e  i s  co n sid e red  to  be a  un ique  

s a la d  item  t h a t  h a s  o n ly  poor s u b s t i t u t e s ;  th u s , th e  p r ic e  o f  l e t t u c e  

would have l i t t l e  e f f e c t  upon th e  supp ly  o f  com peting ite m s .
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A change in  th e  w eekly p r ic e  o f  l e t tu c e  would have a v e ry  l im ite d  

e f f e c t  upon th e  supp ly  o f  com peting o r  complementary com m odities. O ther 

v e g e ta b le  ite m s , com peting o r  com plem entary, have a supply  re sp o n se  tim e 

th a t  i s  determ ined  by th e  le n g th  o f  t h e i r  b io lo g ic a l  growth p ro c e s s e s . 

P ro cessed  ite m s , such as  sp ic e s  and s a la d  d re s s in g s , have a  supply  r e ­

sponse tim e l im ite d  by such th in g s  as th e  s iz e  o f  in v e n to ry  s to c k  and 

c a p a c ity  o f  p ro d u c tio n  and d i s t r i b u t io n  f a c i l i t i e s .  A p r ic e  change would 

have to  cover a  lo n g e r p e r io d  th an  a week b e fo re  i t  would have an e f f e c t  

on th e  d e c is io n  o f  s u p p l ie r s  o f  r e l a t e d  com m odities.

D ata

P r ic e  and shipm ent d a ta  a r e  tak en  from th e  annual l e t t u c e  mar­

k e tin g  summaries p u b lish e d  by th e  F e d e ra l -S ta te  M arket News S e rv ic e  

o f f ic e s  a t  Phoenix  (1948-67) and Yuma (1948-67 ). In  o rd e r  t o . f a c i l i t a t e  

th e  a n a ly s is ,  each week in  each season  i s  g iven  a  number. The num bering 

system  i s  c o n s tru c te d  so t h a t  December 25 always f a l l s  in  th e  tw e n tie th  

week o f  a seaso n . These d a ta  a re  d isc u sse d  in  th e  fo llo w in g  p ag es . 

Supplem ental d a ta  d e a lin g  w ith  p e r  c a p i ta  income, g ro ss  n a t io n a l  p ro d u c t 

(GNP), im p l ic i t  p r ic e  index  and p o p u la tio n  a re  p re se n te d  in  Appendix 

T ab le  1 w ith  t h e i r  s o u rc e s .

L e ttu c e  P r ic e

P r ic e  d a ta  a r e  tak en  from summary ta b le s  showing d a i ly  f . o . b .  

sh ip p in g  p o in t  p r i c e s .  Two p r ic e  s e r i e s  a re  u se d , one showing c e n t r a l  

A rizona d i s t r i c t  p r ic e s  and th e  o th e r  showing Yuma d i s t r i c t  p r i c e s .  A 

sim ple  average  o f  d a i ly  quoted  "m ostly" p r ic e s  h as  been computed fo r  

w eekly p r i c e s .  When a "m ostly"  p r ic e  i s  n o t q u o ted , th e  average  o f  th e
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h igh -low  ran g e  o f  p r ic e s  i s  u sed . The p r ic e  s e r ie s  used  a re  th o se  quoted 

fo r  a c r a te  c o n ta in in g  fo u r dozen heads o f l e t t u c e  fo r  th e  season  

1947-48 th rough  1953-54, and fo r  a c a r to n  c o n ta in in g  two dozen heads o f  

l e t t u c e  f o r  th e  season  1954-55 th rough  1966-67. In  o rd e r  to  make th e  

p r ic e  s e r i e s  com parable f o r  th e  e n t i r e  p e r io d  from 1947-48 season  th rough  

1966-67 seaso n , a l l  w eekly av erag e  p r ic e s  f o r  th e  season  1947-48 th rough 

1953-54 a re  reduced  by 50 p e rc e n t .  The r a t io n a le  f o r  t h i s  re d u c tio n  i s  

th e  r e la t io n s h ip  between th e  number o f  heads o f l e t tu c e  p e r  c a r to n  and 

th e  number o f  heads o f  l e t t u c e  p e r  c r a t e ,  24 and 48 , r e s p e c t iv e ly .

L e ttu c e  Shipm ents

Shipment d a ta  a re  in  thousands o f  c a r to n s  p e r week. These d a ta  

a re  computed from summary ta b le s  showing th e  number o f  r a i l c a r s  and 

tru c k s  sh ipped  p e r  day , and ta b le s  showing sea so n a l p ro d u c tio n  d a ta  fo r  

each d i s t r i c t  in  c r a te s  o r  c a r to n s  sh ipped  by each mode o f  t r a n s p o r ta t io n .  

P r io r  to  th e  1958-59 sea so n , th e  shipm ent r e p o r ts  cover o n ly  r a i l c a r  

movements o f  l e t t u c e .

As w ith  th e  p r ic e  d a ta , p ro d u c tio n  d a ta  p r io r  to  th e  1953-54 

season  have to  be a d ju s te d  to  a c a r to n  b a s i s .  T h is  i s  accom plished by 

in c re a s in g  th e  q u a n t i ty  in  c r a te s  100 p e rc e n t f o r  th e  seasons 1947-48 

th rough  1953-54.

E s tim a te s  o f  se a so n a l average  c a r to n s  p e r  r a i l  c a r lo a d  and 

c a r to n s  p e r  tru c k  a re  computed by d iv id in g  sea so n a l p ro d u c tio n  in  c a r to n s  

moved by each mode o f shipm ent by th e  t o t a l  sea so n a l shipm ents made in  

th a t  mode. E s tim a te s  o f  th e  se a so n a l av erag e  c a r to n s  p e r  r a i l  c a r lo a d  

and o f  c a r to n s  p e r  t ru c k  have been computed f o r  bo th  o f th e  m ajor A rizona



3 4

d i s t r i c t s .  F o r d i s t r i c t s  o u ts id e  o f  A rizona , th e  e s tim a te s  made fo r  th e  

c e n t r a l  A rizona d i s t r i c t  a re  assumed to  be r e p r e s e n ta t iv e .  Appendix 

T ab le  2 p re s e n ts  th e  e s tim a te d  average  c a r to n s  p e r r a i l  c a r lo a d  and 

c a r to n s  p e r  tru c k  fo r  each y e a r o f th e  a n a ly s is .

To a r r iv e  a t  a  f ig u re  showing w eekly shipm ents o f l e t tu c e  in  

c a r to n s ,  th e  number o f  r a i l  c a r lo a d s  and tru c k s  sh ipped  fo r  each d i s t r i c t  

a re  m u lt ip l ie d  by each o f  t h e i r  r e s p e c t iv e  e s tim a te d  sea so n a l average  

c a r to n s  p e r  lo a d .

D ata  A djustm ents

Over tim e , th e  v a lu e  o f  th e  d o l la r  w ith  r e s p e c t  to  i t s  p u rch asin g  

power over goods and s e r v ic e s  h as changed. To a d ju s t  fo r  th e se  changes, 

p r ic e  d a ta  a re  d e f la te d  by th e  GNP im p l ic i t  p r ic e  in d ex . The GNP im p l ic i t  

p r ic e  index  h as  been chosen as th e  a p p ro p r ia te  d e f l a to r  because i t  r e f l e c t s  

changes in  th e  p u rc h a s in g  power o f th e  d o l la r  w ith  r e s p e c t  to  a l l  goods 

and s e rv ic e s  produced in  th e  U n ited  S ta te s .

To a llo w  f o r  th e  changes ' in  demand due to  changes in  p o p u la tio n , • 

w eekly sh ipm ents o f  l e t t u c e  f o r  th e  y e a rs  1948-67 a re  d e f la te d  by a 

y e a r ly  p o p u la tio n  index  (1958 = 100).

Income d a ta  a re  on a  p e r  c a p i ta  b a s is  and were d e f la te d  by th e  

consumer p r ic e  in d ex .

D ata  L im ita t io n s

H is to r i c a l  in fo rm a tio n  on q u a l i ty  o r  s iz e  d if f e r e n c e s  o f  l e t t u c e  

sh ipped  i s  n o t a v a i l a b le .  D uring a  seaso n , s e v e ra l  c la s s e s ^  may be

1. D uring th e  1966-67 sea so n , d i f f e r e n t  p r ic e s  w ere quoted  f o r  
s iz e  c la s s  1%, 2 and 3 l e t t u c e  p a ck s . These s iz e  c la s s e s  re p re s e n t  18, 
24, and 36 heads o f  l e t t u c e ,  r e s p e c t iv e ly ,  packed in  a s ta n d a rd  nonbulge 
c a r to n ; d im ensions a r e  10 3 /4  x 16% x 21% in c h e s .
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sh ipped  and q u a l i ty  can vary  depending upon env ironm ental and supply

c o n d itio n s . I f  th e  a v a i la b le  and h a rv e s ta b le  l e t tu c e  i s  in  sh o r t  supp ly ,

q u a l i ty  r e s t r i c t i o n s  ten d  to  be re la x e d . The p r ic e  s e r ie s  fo r  s iz e

c la s s  2, 24 heads o f l e t t u c e  p e r  c a r to n , h as been chosen because i t  has

2been th e  predom inant pack .

The la c k  o f d a ta  on tru c k  shipm ents p r io r  to  th e  1958-59 season 

and th e  co m p u ta tio n a l p ro c e ss  th rough  which w eekly sh ipm ents in  thousands 

o f  c a r to n s  a re  d e r iv e d  have r e s u l te d  in  a  d isc rep an cy  between th e  annual 

t o t a l  o f  th e  a d ju s te d  w eekly shipm ent d a ta  and annual p ro d u c tio n .

Appendix T ab le  3 shows th e  computed annual a d ju s te d  sh ipm ents and th e  

a c tu a l  annual p ro d u c tio n  o f  l e t t u c e  fo r  th e  c e n t r a l  A rizona d i s t r i c t  and 

th e  Yuma d i s t r i c t .  A com parison o f  th e se  s e r ie s  w i l l  g iv e  an id e a  o f  

th e  d isc rep a n c y  in tro d u ce d  in  th e  computed d a ta .

2 . D uring th e  1966-67 seaso n , approx im ate ly  95 .6  p e rc e n t o f  
th e  l e t t u c e  sh ipped  from th e  c e n t r a l  A rizona  d i s t r i c t  was s iz e  c la s s  2.



CHAPTER I I I

INTERREGIONAL AND INTERTEMPORAL SHIFTS 
IN THE PRODUCTION OF LETTUCE

Over a  p e r io d  o f  tim e , s h i f t s  in  th e  sea so n a l sh ip p in g  p a t te r n s  

o f  d i s t r i c t s  in  th e  w este rn  l e t t u c e  in d u s try  have o c cu rred . These s h i f t s  

become ap p a ren t as one d i s t r i c t  b eg in s  sh ip p in g  e a r l i e r  o r  ex ten d s i t s  

season  l a t e r  w h ile  a com peting d i s t r i c t  ends i t s  season  e a r l i e r  o r  b eg in s  

i t s  sh ip p in g  season  l a t e r .

A su cc e ss io n  o f f iv e -y e a r  p e r io d s  a re  d e f in e d , s t a r t i n g  w ith  th e  

1937-38 seaso n . The war y e a rs  have been o m itte d , and th e  second p e rio d  

s t a r t s  w ith  th e  1949-50 sea so n . The l a s t  p e r io d , s t a r t i n g  w ith  th e  

1964-65 seaso n , c o n s is t s  o f  on ly  th r e e  y e a r s . S h i f t s  a re  analyzed  as to  

th e  d a te  each incom ing d i s t r i c t  su rp a sse s  a com peting, o u tg o in g  d i s t r i c t  

in  w eekly sh ipm en ts. H e re a f te r ,  t h i s  w i l l  be term ed a c ro s s in g  d a te . 

Comparisons a re  drawn betw een p e rio d s  to  i l l u s t r a t e  th e  s h i f t s  t h a t  have 

tak en  p la c e  in  th e  w e s te rn  l e t t u c e  in d u s try  s in c e  th e  1937-38 sea so n . ,

The average  w eekly sh ipm ents d u rin g  each p e rio d  f o r  each d i s t r i c t  a re  

ex p ressed  as a p e rc e n t o f th e  average  annual sh ipm ents d u rin g  th e  p e r io d , 

and a re  p lo t t e d  by weeks and p e r io d s  in  F ig u re s  11 to  14. Annual c ro s s in g  

d a te s  betw een th e  m ajor d i s t r i c t s  a re  p re se n te d  in  T ab le  3 a long  w ith  

th e  average  c ro s s in g  d a te  fo r  each p e r io d . The annual c ro s s in g  d a te s  

a re  a ls o  p lo t te d  in  F ig u re  15.
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CENTRAL ARIZONA DISTRICT

11.00
PERIOD 193 8 -4 21000

PERIOD 1950-54

PERIOD 1965-67

PERIOD 1955-59

PERIOD 1960-64

WEEKS

SALINAS-WATSONVILLE DISTRICT

PERIOD 1 9 6 0 -6 4 PERIOD 1950-54

PERIOD 1938-42

PERIOD 1955-59

PERIOD 1965-67

WEEKS

FIGURE 11 AVERAGE V/EEKLY SHIPMENTS OF LETTUCE FOR FIVE CONSECUTIVE PERIODS— CENTRAL ARIZONA AND 
SALINAS-WATSONVILLE DISTRICTS 
SOURCE: APPENDIX TABLES 4 THROUGH 8
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YUMA ARIZONA DISTRICT

12.00

PERIOD 1 9 3 8 -4 2

y^ x s\PERIOD 1950-54 

/  'uA-PERIOO 1935-59 

PERIOD 1963-67

PERIOD 1960-64

WEEKS

PERIOD 1938-42
IMPERIAL VALLEY DISTRICT11.00

PERIOD 1930-34  

> i v p E R I O D  1933-39
K).00

PERIOD 1965-67

PERIOD 1 9 6 0 -6 4

WEEKS

FIGURE 12 AVERAGE WEEKLY SHIPMENTS OF LETTUCE FOR FIVE CONSECUTIVE PERIOD S— YUMA ARIZONA AND
IMPERIAL VALLEY DISTRICT
SOURCE: APPENDIX TABLES 4 THROUGH 8

i
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TEXAS DISTRICT

RIOD 1 9 4 9 -5 4

\  PERIOD 1965-67\VPERIOD I960-64

PERIOD 1955- / A g

WEEKS

SOUTHERN CALIFORNIA DISTRICT

PERIOD 1 9 6 5 -6 7

PERIOD 1 9 6 0 -6 4

PERIOD 1955-59

PERIOD 1949-54 •

WEEKS

FIGURE 13 AVERAGE WEEKLY SHIPMENTS OF LETTUCE FOR FIVE CONSECUTIVE PERIOD S— TEXAS AND SOUTHERN 
CALIFORNIA DISTRICTS
SOURCE: APPENDIX TABLES 4 THROUGH 8
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NEW MEXICO DISTRICT

PERIOD 1 9 6 0 - 6 4
1600

1400 PERIOD 1955-59f: i
1200

#000

PERIOD 1 9 6 5 -6 7 /  //
.600

WEEKS

! FIGURE 14 AVERAGE WEEKLY SHIPMENTS OF LETTUCE FOR FIVE CONSECUTIVE PERIO D S— NEW MEXICO DISTRICT 
I SOURCE: APPENDIX TABLES 4 THROUGH 8

JSO



T ab le  3 . C ro ssin g  D ates  Between th e  M ajor D i s t r i c t s .

Season S a lin a s -W a tso n v ille  C rossing C e n tra l  A rizona C ro ssin g
o r C e n tra l A rizona Southern  C a l i f o r n ia 3 Im p e ria l V a lley Yuma

P erio d E n te r in g E x itin g E n te rin g E x itin g E n te rin g E x itin g E n te rin g  E x itin g
(C ro ssin g  Week)

P e rio d  One
1938-48 Average 17 36 21 30 22 31
P e rio d  Two

1949-50 15 18 33 19 32 19 32
1950-51 14 36 16 33 19 31 19 31
1951-52 14 37 17 35 19 33 20 33
1952-53 15 36 17 35 20 32 22 33
1953-54 14 38 16 36 19 32 19 32

1949-54 Average 14 37 18 34 19 32 20 32
P e rio d  T hree

-1954-55 14 39 16 37 19 33 20 34
1955-56 12 38 14 35 18 . 31 19 32
1956-57 12 38 15 35 19 31 20 32
1957-58 12 40 15 37 19 31 19 31
1958-59 11 39 14 35 19 31 19 32

1954-59 Average 12 40 15 37 19 32 19 32
P e rio d  Four

1959-60 10 40 14 37 19 33 20 33
1960-61 11 39 15 37 19 31 19 31
1961-62 11 39 15 36 19 32 19 33
1962-63 12 38 14 38 18 . 31 18 32
1963-64 12 40 15 38 19 34 19 35

1959-64 Average 
P e rio d  F iv e

11 39 14 37 19 33 19 33

1964-65 13 39 16 37 19 33 19 34
1965-66 - 13 39 15 37 19 33 19 34
1966-67 12 38 14 36 18 32 18 32

1964-67 Average 13 39 15 37 19 33 19 33



T ab le  3 . (C o n tin u ed ).

Source:

a . Shipm ents were n o t r e p o r te d  from so u th e rn  C a l i fo rn ia  p r io r  to  th e  1941-42 seaso n . 

Appendix T ab les  4 th rough  8 .
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SPRING

PERIOD I PERIOD 2 PERIOD 3 PERIOD 4 PERIOD 5

FALL

1 9 3 8 - 4 2  4 9 - 5 0  51-52 5 3 -5 4  5 5 -5 6  57-58 5 9 -6 0  61-62 6 3 - 6 4  6 5 -6 6  6 7 -6 8

SEASON
—— YUMA

------ IMPERIAL VALLEY

CENTRAL ARIZONA, IMPERIAL VALLEY. AND YUMA

SPRING

t  PERIOD I PERIOD 2 PERIOD 3 PERIOD 4 PERIOD 5

FALL

1 9 3 8 -4 2  4 9 - 5 0  51-52 5 3 -5 4  5 5 - 5 6  57-58  5 9 - 6 0  61-62 6 3 - 6 4  6 5 - 6 6  6 7 -6 8

SEASON

------ CENTRAL ARIZONA

-------SOUTHERN CALIFORNIA

S ALIN AS-WATSONVILLE, CENTRAL ARIZONA AND SOUTHERN 
CALIFORNIA

FIGURE 15 CROSSING DATES BETWEEN THE MAJOR DISTRICTS



4 4

P erio d  One

T h is  p e r io d  c o n s is ts  o f  th e  combined annual averages o f shipm ents 

fo r  th e  seasons 1937-38 th rough  1941-42. Shipm ents o r ig in a t in g  from th e  

S a lin a s -U a ts o n v il le  d i s t r i c t ,  th e  Im p e ria l V a lley  d i s t r i c t ,  th e  c e n t r a l  

A rizona d i s t r i c t  and th e  Yuma d i s t r i c t  w ere re p o r te d  d u rin g  t h i s  p e r io d . 

F ig u re s  11 to  14 show th e  sh ip p in g  p a t te r n  e s ta b l is h e d  by each d i s t r i c t  

d u rin g  P e rio d  One.

The S a lin a s -W a tso n v ille  d i s t r i c t  i s  th e  m ajor sh ip p e r  o f  l e t tu c e  

d u rin g  th e  summer seaso n . The c ro s s in g  d a te s  betw een th e  S a lin a s -  

U a ts o n v il le  d i s t r i c t  and th e  c e n t r a l  A rizona d i s t r i c t  a re  week 17 in  

th e  f a l l  and week 36 in  th e  s p r in g . Peak shipm ent weeks a re  week 18 

and week 33. The Im p e ria l V a lley  d i s t r i c t  and th e  Yuma d i s t r i c t  dom inate 

th e  w in te r  season  d u rin g  P e rio d  One. The c ro s s in g  d a te s  between th e  

c e n t r a l  A rizona  d i s t r i c t  and th e  Im p e ria l V a lley  d i s t r i c t  a re  week 21 in  

th e  l a t e  f a l l  seaso n  and week 30 in  th e  e a r ly  s p r in g  seaso n . The c ro s s in g  

d a te s  betw een th e  Yuma d i s t r i c t  and th e  c e n t r a l  A rizona d i s t r i c t  a re  

week 22 in  th e  f a l l  and week 31 in  th e  s p r in g .

P e rio d  Two

The second p e r io d  c o n s is t s  o f  th e  combined an nual averages o f  

th e  sh ipm ents f o r  th e  seaso n s 1949-50 th rough  1953-54. A com parison 

o f  th e  sh ip p in g  p a t te r n s  e s ta b l is h e d  by each d i s t r i c t  in  P e rio d  Two to  

th o se  o f th e  p re v io u s  p e r io d  in d ic a te s  t h a t  s h i f t s  betw een d i s t r i c t s  

have o ccu rred  (F ig u re s  11 to  1 4 ) . F ig u re  15 shows a  g e n e ra l s h i f t  to  

an e a r l i e r  c ro s s in g  d a te  in  th e  f a l l  season  and a l a t e r  d a te  in  th e  sp r in g  

season  between th e  S a lin a s -W a ts o n v ille  d i s t r i c t  and th e  c e n t r a l  A rizona 

d i s t r i c t  f o r  each season  d u rin g  P e rio d  Two. T ab le  3 shows t h a t ,  a s
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compared to  P e rio d  One, th e  average  c ro s s in g  d a te  between th e se  two. 

d i s t r i c t s  i s  th r e e  weeks e a r l i e r  in  th e  f a l l ,  week 14, and one week 

l a t e r  in  th e  s p r in g , week 37. The peak sh ip p in g  weeks f o r  th e  c e n t r a l  

A rizona d i s t r i c t  a re  week 16 in  th e  f a l l  season  and week 34 in  th e  s p r in g  

seaso n . The s h i f t s  in  th e  peak weeks in  th e  f a l l  and th e  sp r in g  sh ip p in g  

seasons c o in c id e  w ith  th e  s h i f t s  in  th e  c ro s s in g  d a te s .

In  P e rio d  Two, th e  sh ip p in g  seasons fo r  th e  Im p e ria l V a lley  

d i s t r i c t  and th e  Yuma d i s t r i c t  have extended in to  th e  sh ip p in g  p e rio d  

p re v io u s ly  dom inated by th e  c e n t r a l  A rizona  d i s t r i c t .  F ig u re  15 shows 

a g e n e ra l tre n d  to  an e a r l i e r  c ro s s in g  d a te  in  th e  e a r ly  w in te r  season  

and a l a t e r  c ro s s in g  d a te  in  th e  l a t e  w in te r  season  between th e  c e n t r a l  

A rizona d i s t r i c t  and th e  Im p e ria l V a lley  d i s t r i c t  and betw een th e  

c e n t r a l  A rizona d i s t r i c t  and th e  Yuma d i s t r i c t .  T ab le  3 shows th a t  th e  

average  c ro s s in g  d a te s  betw een th e  c e n t r a l  A rizona d i s t r i c t  and th e  

Im p e ria l V a lley  d i s t r i c t  have ex tended  to  an e a r l i e r  week, week 22, in  

th e  e a r ly  w in te r  season  and a l a t e r  week, week 32, in  th e  l a t e  w in te r  

seaso n . The average  c ro s s in g  d a te s  betw een th e  c e n t r a l  A rizona d i s t r i c t  

and th e  Yuma d i s t r i c t  have fo llow ed  a s im i la r  p a t t e r n ,  week 20 and week 

32 in  th e  e a r ly  and l a t e  w in te r  w eeks, r e s p e c t iv e ly .

In  a d d i t io n  to  th e  s h i f t s  among d i s t r i c t s ,  th e  Texas d i s t r i c t  

and th e  so u th e rn  C a l i f o r n ia  d i s t r i c t  have begun shipm ents o f  some 

consequence. T h e ir  e n tra n c e  may be re s p o n s ib le  fo r  th e  s h i f t s  in  th e  

sh ip p in g  seasons f o r  th e  S a lin a s -W a tso n v ille  and th e  c e n t r a l  A rizona 

d i s t r i c t s .  The so u th e rn  C a l i f o r n ia  d i s t r i c t  h a s  a  sh ip p in g  season  o f  

32 w eeks. The season  s t a r t s  in  P e rio d  Two a t  week 13 and ex tends 

th rough  week 44, re a c h in g  a  peak a t  week 17 and ag a in  a t  week 33. The
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so u th ern  C a l i f o r n ia  d i s t r i c t  h as moved in to  th e  weeks l e f t  v acan t by th e  

s h i f t s  o f  th e  sh ip p in g  season o f  th e  c e n t r a l  A rizona d i s t r i c t .  F ig u re  15 

in d ic a te s  an annual s h i f t  to  an e a r l i e r  c ro s s in g  d a te  in  th e  f a l l  and 

a l a t e r  c ro s s in g  d a te  in  th e  s p r in g  betw een th e  S a lin a s -W a tso n v ille  

d i s t r i c t  and th e  so u th e rn  C a l i f o r n ia  d i s t r i c t  th roughou t P e rio d  Two. 

F ig u re  13 shows th a t  th e  sh ipm ents f o r  th e  Texas d i s t r i c t  f o r  P e rio d  Two 

a re  h e a v ie s t  d u rin g  th e  w in te r  season .

P e rio d  T hree

The t h i r d  p e r io d  c o n s is ts  o f  th e  combined annual av erag es  o f  

th e  shipm ents f o r  th e  seasons 1954-55 th rough  1958-59. F ig u re s  11 to  14 

in d ic a te  a c o n tin u a tio n  o f  some o f  th e  s h i f t s  found in  th e  second p e r io d . 

F ig u re  15 in d ic a te s  a se a so n a l tre n d  tow ard an e a r l i e r  c ro s s in g  d a te  in  

th e  f a l l  season  and a  l a t e r  c ro s s in g  d a te  in  th e  s p r in g  season  between 

th e  S a lin a s -W a tso n v ille  d i s t r i c t  and th e  c e n t r a l  A rizona d i s t r i c t .

T ab le  3 shows th a t  th e  average  c ro s s in g  d a te s  in  P e rio d  T hree  between 

th e se  two d i s t r i c t s  a re  week 12 in  th e  f a l l  and week 40 in  th e  s p r in g . 

T h is  r e p re s e n ts  a s h i f t  o f  two weeks e a r l i e r  in  th e  f a l l  season  and th re e  

weeks l a t e r  in  th e  s p r in g  season  as  compared to  P e rio d  Two.

T here  a re  no s ig n i f i c a n t  s h i f t s  by e i th e r  th e  Im p e ria l V a lley  

d i s t r i c t  o r th e  Yuma d i s t r i c t  d u rin g  P e rio d  T h ree . T ab le  3 in d ic a te s  

t h a t  th e  averag e  c ro s s in g  d a te s  between th e  c e n t r a l  A rizona d i s t r i c t  

and th e  Im p e ria l V a lle y  d i s t r i c t  a re  th e  same as in  P e rio d  Two. As 

compared to  P e rio d  Two, th e  e a r ly  w in te r  c ro s s in g  d a te  f o r  th e  c e n t r a l  

A rizona d i s t r i c t  and th e  Yuma d i s t r i c t  i s  one week e a r l i e r ,  week 20, 

b u t th e  l a t e  w in te r  c ro s s in g  d a te  i s  th e  same, week 32. F ig u re  15



4 7

in d ic a te s  a c o n s id e ra b le  f lu c tu a t io n  o f  th e  sea so n a l c ro s s in g  d a te s  

between th e s e  two d i s t r i c t s  and th e  c e n t r a l  A rizona d i s t r i c t .

As compared w ith  P e rio d  Two, T ab le  3 shows th a t  th e  average 

c ro s s in g  d a te s  betw een th e  S a lin a s -W a tso n v ille  d i s t r i c t  and th e  so u th ern  

C a l i fo rn ia  d i s t r i c t  a re  a t  an .e a r l i e r  week in  th e  f a l l ,  week 15, and , 

a t  a l a t e r  week in  th e  s p r in g , week 36. F ig u re  15 in d ic a te s  th e  

S a lin a s -W a tso n v ille -so u th e rn  C a l i f o r n ia  d i s t r i c t s '  annual c ro s s in g  

d a te s  ten d  tow ard a l a t e r  week in  th e  sp rin g  th ro u g h o u t P e rio d  T h ree .

The movement to  an e a r l i e r  c ro s s in g  d a te  in  th e  f a l l  i s  n o t q u i te  as  

e v id e n t . A com parison o f  th e  sh ip p in g  p a t te r n s  o f  v a r io u s  d i s t r i c t s  

in  P e rio d  T hree (F ig u re s  11 to  14) shows th a t  th e  sh ip p in g  season  o f  

th e  so u th e rn  C a l i f o r n ia  d i s t r i c t  ten d s  to  f i l l  th e  p e r io d s  between th e  

c ro s s in g  o f  th e  sh ip p in g  seasons o f  th e  c e n t r a l  A rizona d i s t r i c t  a n d -th e  

Im p e ria l V a lley  and Yuma d i s t r i c t s . -

Shipm ents from th e  Texas d i s t r i c t  e x h ib i t  a  p a t te r n  in  P e rio d  

T hree th a t  i s  e s s e n t i a l l y  unchanged from P e rio d  Two.

D uring th e  t h i r d  p e r io d , th e  New Mexico d i s t r i c t  becomes a  

sh ip p in g  d i s t r i c t  o f  consequence. The sh ip p in g  season  o f  th e  New Mexico 

d i s t r i c t  i s  d iv id e d  in to  two d i s t r i c t  su b seaso n s, a f a l l  season  and a 

sp r in g  season  (F ig u re  1 4 ). The f a l l  season  s t a r t s  a t  week 6 and ends 

by week 15. The s p r in g  season  b eg in s  a t  week 36 and ex tends th rough  

week 45 . The peak week in  th e  f a l l  season  i s  week number 11, and th e  

peak week in  th e  sp r in g  season  i s  week 40 .
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P e rio d  Four

P e rio d  Four c o n s is ts  o f  th e  combined annual averages o f  th e  sh ip ­

m ents fo r  th e  seasons 1959-60 th rough  1963-64. F ig u re  11 shows a  s l i g h t  

s h i f t  in  th e  sh ip p in g  season  o f  th e  c e n t r a l  A rizona d i s t r i c t  to  an 

e a r l i e r  week in  th e  f a l l  seaso n . T ab le  3 shows th a t  th e  average  c ro s s in g  

d a te  between th e  S a lin a s -W a tso n v ille  d i s t r i c t  and th e  c e n t r a l  A rizona 

d i s t r i c t  fo r  P e rio d  Four i s  one week e a r l i e r  in  th e  f a l l  season  th an  in  

P e rio d  T h ree . The s h i f t  o f  th e  c e n t r a l  A rizona s p r in g  season  in to  weeks 

p re v io u s ly  dom inated by th e  S a lin a s -W a tso n v ille  d i s t r i c t  th ro u g h o u t th e  

f i r s t  th re e  p e r io d s  i s  re v e rs e d  d u rin g  th e  fo u r th  p e r io d . T ab le  3 

in d ic a te s  th a t  th e  average  s p r in g  c ro s s in g  d a te  between th e se  two 

d i s t r i c t s  i s  week 39 in  P e rio d  Four and week 40 in  P e rio d  T h ree . F ig u re  

15 in d ic a te s  t h a t  th e  annual c ro s s in g  d a te s  betw een th e s e  two d i s t r i c t s  

have re v e rse d  t h e i r  p re v io u s  tre n d  tow ard an e a r l i e r  week in  th e  f a l l  

season  and a l a t e r  week in  th e  s p r in g  seaso n .

F ig u re s  11 and 12 in d ic a te  t h a t ,  as com pared ,to  P e r io d  T h ree , 

th e r e  a re  no s ig n i f i c a n t  s h i f t s  between th e  sh ip p in g  season  o f  th e  

c e n t r a l  A rizona d i s t r i c t  and th e  sh ip p in g  seasons o f  th e  Im p e ria l V a lley  

and Yuma d i s t r i c t s  d u rin g  th e  e a r ly  w in te r  weeks o f  P e rio d  F o u r.

F ig u re  15 in d ic a te s  a  tre n d  tow ard a l a t e r  c ro s s in g  d a te  between th e  

c e n t r a l  A rizona d i s t r i c t  and th e  Im p e ria l V a lley  and Yuma d i s t r i c t s .

The average  c ro s s in g  d a te  betw een th e  c e n t r a l  A rizona d i s t r i c t  and each 

o f  th e s e  d i s t r i c t s  i s  week 33. T h is  r e p re s e n ts  a one-week s h i f t  by th e  

Im p e ria l V a lle y  and Yuma d i s t r i c t s  in to  th e  s p r in g  season  o f  th e  c e n t r a l

A rizona d i s t r i c t .
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As compared to  P e rio d  T h ree , th e  average  f a l l  c ro s s in g  d a te  

between th e  S a lin a s -W a tso n v ille  d i s t r i c t  and th e  so u th e rn  C a l i f o r n ia  

d i s t r i c t  i s  a week l a t e r ,  week 14, b u t th e  average sp r in g  c ro s s in g  d a te  

i s  unchanged. F ig u re  15 in d ic a te s  no r e a l  tre n d s  in  th e  sea so n a l 

c ro s s in g  d a te s  betw een th e s e  two d i s t r i c t s .

The Texas and New Mexico d i s t r i c t s  do n o t  e x h ib i t  any s ig n i f i c a n t  

s h i f t s  in  P e rio d  Four r e l a t i v e  to  P e rio d  T h ree . F ig u re  14 in d ic a te s  th a t  

each o f  th e  sh ip p in g  seasons o f  th e  New Mexico d i s t r i c t  ten d s  to  cover 

more weeks th an  in  th e  p re v io u s  p e r io d .

P e rio d  F iv e

P e rio d  F iv e  c o n s is t s  o f  th e  combined annual av erag es  o f  th e  

sh ipm ents fo r  th e  seasons 1964-65 th ro u g h  1966-67. F ig u re  11 in d ic a te s  

t h a t  th e  p re v io u s  s h i f t s  betw een th e  S a lin a s -W a tso n v ille  d i s t r i c t  and 

th e  c e n t r a l  A rizona d i s t r i c t  to  an e a r l i e r  week a re  re v e rse d  in  th e  f a l l  

seaso n . The averag e  c ro s s in g  d a te  f o r  th e s e  two d i s t r i c t s  in  P e rio d  

F iv e  i s  week 13 as compared to  week 11 in  P e rio d  F o u r. The average  

c ro s s in g  d a te  betw een th e  S a lin a s -W a tso n v ille  d i s t r i c t  and th e  c e n t r a l  

A rizona d i s t r i c t  in  th e  s p r in g  i s  unchanged in  P e r io d  F iv e . F ig u re s  11 

and 12 in d ic a te  t h a t  th e  r e l a t io n s h ip s  among sh ip p in g  seasons f o r  th e  

c e n t r a l  A rizona d i s t r i c t  and th o se  o f  th e  Im p e ria l V a lley  and Yuma d is ­

t r i c t s  have n o t changed.

The f a l l  sh ip p in g  season  fo r  th e  so u th e rn  C a l i f o r n ia  d i s t r i c t  

h as  a ls o  been sh o rten ed  by th e  S a lin a s -W a tso n v ille  d i s t r i c t .  T ab le  3 

in d ic a te s  a f a l l  c ro s s in g  d a te  betw een th e s e  two d i s t r i c t s  one week 

l a t e r  in  P e r io d  F iv e , week 15, th an  in  th e  p re v io u s  p e r io d . The sp r in g



5 0

c ro s s in g  d a te  between th e  S a lin a s -W a tso n v ille  d i s t r i c t  and th e  so u th ern  

C a l i fo rn ia  d i s t r i c t  i s  unchanged.

The Texas and New Mexico d i s t r i c t s  do n o t e x h ib i t  any s h i f t s  

r e l a t i v e  to  P e rio d  F o u r. F ig u re  14 in d ic a te s  t h a t  th e  sh ip p in g  season  

o f  th e  New Mexico d i s t r i c t  i s  lo n g e r in  bo th  th e  f a l l  and sp rin g  sea so n s .



CHAPTER IV

ANALYSIS OF THE DEMAND FOR ARIZONA LETTUCE

The a n a ly s is  o f  demand f o r  com m ercially  produced A rizona l e t tu c e  

was perform ed s e p a ra te ly  fo r  th e  c e n t r a l  A rizona d i s t r i c t  and th e  Yuma 

d i s t r i c t .  The b a s ic  d a ta  fo r  th e  a n a ly s is  a re  sh ipm ents p e r  week and 

average  p r ic e s  p e r  week. The d e r iv a t io n  o f  th e  d a ta  i s  e x p la in ed  in  

C hap ter I I .  F o r s e p a ra te  a n a ly s e s , th e  d a ta  a re  p a r t i t io n e d  by y e a r s ,  

by th e  su b p erio d s  1948-58 and 1959-67, by s e t s  o f  fo u r  weeks and by s e t s  

o f  two w eeks. The c e n t r a l  A rizona  d i s t r i c t  d a ta  a re  a ls o  p a r t i t io n e d  

by f a l l  and sp r in g  seaso n s f o r  some a n a ly s e s .

The b a s ic  s t a t i s t i c a l  te ch n iq u e  used  in  t h i s  a n a ly s is  o f  th e  

demand fo r  l e t t u c e  h as been s in g le  e q u a tio n  le a s t - s q u a r e s  m u lt ip le  

r e g re s s io n .  L o g a rith m ic , sem ilog and l i n e a r  eq u a tio n  forms w ere imposed 

on th e  d a ta  on an ex p e rim en ta l b a s i s ,  and w ith  few m inor e x c e p tio n s , th e  

l i n e a r  fu n c tio n  y ie ld e d  th e  b e s t  f i t  to  th e  d a ta  as  ev idenced  by th e  

m u lt ip le  R v a lu e s . A ll th e  r e s u l t s  re p o r te d  in  t h i s  c h a p te r  a re  from 

l in e a r  r e g re s s io n  e q u a tio n s .

The p o s s i b i l i t y  o f  a  c o n s is te n t  sea so n a l p a t te r n  in  th e  r e s id u a ls  

was ex p lo re d . The weeks w ere an alyzed  s e p a ra te ly  by y e a rs  and th e  

r e s id u a ls  o f  r e g re s s io n  w ere p lo t t e d  a g a in s t  th e  week num bers. No con­

s i s t e n t  p a t te r n  appeared  in  th e  p lo t te d  d a ta . T h is  su g g e s ts  t h a t  th e  

demand curve  h as  no c o n s is te n t  se a so n a l p a t t e r n  o f  movement as m ight

r e s u l t  from r e g u la r  e f f e c t s  o f se a so n a l changes in  w eath er and th e  p r ic e s  

o f  s u b s t i t u t e  o r  com plem entary com m odities.

5 1
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A n aly sis  of-Demand fo r  th e  C e n tra l 
A rizona D i s t r i c t  L e ttu c e

The v a r ia b le s  in c lu d ed  in  th e  demand a n a ly s is  o f c e n t r a l  A rizona 

d i s t r i c t  l e t t u c e  a re  as  fo llo w s:

P -  d e f la te d  averag e  f . o . b .  c e n t r a l  A rizona d i s t r i c t  p r ic e  

f o r  a c a r to n  c o n ta in in g  two dozen heads o f l e t t u c e  

-  t o t a l  w eekly q u a n t i ty  o f  l e t t u c e ,  in  thousands o f  c a r to n s , 

sh ipped  from th e  c e n t r a l  A rizona  d i s t r i c t  

Qg -  t o t a l  w eekly q u a n t i ty  o f  l e t t u c e ,  in  thousands o f  c a r to n s , 

sh ipped  from th e  Yuma d i s t r i c t

Q -  t o t a l  w eekly q u a n t i ty  o f  l e t t u c e ,  in  thousands o f  c a r to n s ,
3

sh ipped  by a l l  d i s t r i c t s  o th e r  th an  th e  c e n t r a l  A rizona 

and Yuma d i s t r i c t s

Q -  t o t a l  w eekly q u a n t i ty  o f  l e t t u c e ,  in  thousands o f  c a r to n s ,
4

sh ipped  by a l l  d i s t r i c t s  o th e r  th an  th e  c e n t r a l  A rizona 

d i s t r i c t

I  -  d e f la te d  U n ited  S ta te s  p e r  c a p i t a  d is p o sa b le  income 

T -  zero -o n e  s h i f t  v a r ia b le s  f o r  each o f  v a r io u s  y e a rs  

e -  e r r o r  term  re p re s e n t in g  th e  n e t  in f lu e n c e s  on th e  dependent 

v a r ia b le s  o f o th e r  v a r ia b le s  n o t e x p l i c i t l y  in c lu d e d  in  th e  

a n a ly s is

F o r ju d g in g  th e  s ig n if ic a n c e  o f th e  r e s u l t i n g  c o e f f i c i e n t s ,  th e  

fo llo w in g  s t a t i s t i c a l  t e s t s  w ere used :

1 . To d e te rm in e  i f  th e  e s tim a te d  r e g re s s io n  c o e f f i c i e n t s  a re  

s ig n i f i c a n t ly  d i f f e r e n t  from z e ro , th e  " t "  t e s t  was a p p lie d  

to  each r e g re s s io n  c o e f f i c i e n t .  The computed 111" v a lu e s  ap p ear
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in  p a re n th e se s  d i r e c t l y  below each r e g re s s io n  c o e f f i c i e n t .

The fo llo w in g  d e s ig n a tio n s  in d ic a te  s ig n if ic a n c e  le v e l s  

.0 5 , .10  and .2 0 ; * , * * , and ***, r e s p e c t iv e ly .

2. The s ta n d a rd  e r r o r  o f  e s tim a te  i s  deno ted  by S y .x . T h is  

m easures th e  d eg ree  o f  d is p e r s io n  about th e  r e g re s s io n  

l in e  and in d ic a te s  th e  v a lu e  o f  th e  eq u a tio n  fo r  p r e d ic t in g  

th e  dependent v a r ia b le .

3 . The a d ju s te d  c o e f f i c i e n t  o f  m u lt ip le  d e te rm in a tio n , (R ^ ), 

i s  p re se n te d  to  g iv e  a m easure o f  th e  p ro p o r tio n  o f  th e  

v a r i a t io n  in  th e  dependent v a r ia b le  a s s o c ia te d  w ith  o r  

"ex p la in ed "  by th e  v a r i a t io n s  in  th e  independen t v a r ia b le s .

Combined A n a ly sis  o f  Demand

L e ttu c e  i s  sh ipped  from th e  c e n t r a l  A rizona  d i s t r i c t  in  d i s t i n c t  

f a l l  and s p r in g  se a so n s . The combined a n a ly s is  o f  demand i s  an a ttem p t 

to  de term in e  th e  s t r u c t u r a l  demand c o e f f i c i e n t s  on th e  assum ption  th a t  

th e  s t r u c tu r e  g e n e ra tin g  th e  d a ta  i s  th e  same in  bo th  s e a so n s .

The le a s t - s q u a r e s  r e g r e s s io n  e q u a tio n  ( h e r e a f te r  a b b re v ia te d  as 

LSR e q u a tio n ) , P = bQ + b^Q^ + bgC^ + bgQg + b g l +  e , has been used  to

an a ly ze  th e  p e r io d  1948-67. The fo llo w in g  r e s u l t s  w ere o b ta in e d :

P -  2 .59 -  .000953Q. -  .001631Q. -  .000594Q. + .0026881 
(6 .0 2 )* 1 (5 .6 0 )* Z (3 .7 1 )*  (1 .1 8 )

S y .x  = .82  R^ = .10  d . f . = 412

A ll r e g re s s io n  c o e f f i c i e n t s  have th e  expec ted  s ig n  and a l l  a re  s ig n i f i c a n t  

a t  th e  f iv e  p e rc e n t  l e v e l  ex cep t income (b g ) .

The 1948-67 p e r io d  i s  broken in to  tw o•su b p e r io d s , 1948-58 and 

1959-67, and th e n  each i s  an a lyzed  s e p a ra te ly  u s in g  th e  p re v io u s ly
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d e sc rib e d  e q u a tio n  form . The re a so n  , f o r  th e  b reak  i s  t h a t  p r i o r  to  th e  

1958-59 seaso n , w eekly d a ta  w ere n o t  re p o r te d  f o r  tru c k  sh ipm en ts. The 

r e s u l t in g  s t a t i s t i c a l  eq u a tio n s  f o r  th e  1948-58 p e r io d  and th e  1959-67 

p e rio d  a re :

1948-58 P = 8 .39  -  .001327Q, -  .002824Q. --.001226Q . -  .0027451
(5 .4 2 )* 1 (6 .3 4 )* Z (4 .4 3 )* J (5 .2 7 )*

S y .x  = .70 = .21 d . f .  = 176

1959-67 P = -1 .0 1  -  .002104Q. -  .002085Q. -  .000904Q. +  .0022081
(5 .6 7 )*  (5 .2 9 )* 2 (4 . IS )* 13 (5 .6 3 )*

S y .x  = .79 R^ ® .18 d . f .  = 231 

A ll r e s u l t i n g  c o e f f i c i e n t s  a re  s ig n i f i c a n t ly  d i f f e r e n t  from 

zero  a t  th e  f iv e  p e rc e n t l e v e l  and have th e  ex p ec ted  s ig n  ex cep t f o r  th e  

1948-58 income c o e f f i c i e n t .  The income e l a s t i c i t y  c o e f f i c i e n t s  im p lied  

from th e se  e q u a tio n s  a r e  -6 .6 5  f o r  th e  1948-58 p e r io d  and + 7 .20  f o r  th e  

1959-67 p e r io d .

Seasonal A n a ly sis  o f  Demand

A sea so n a l a n a ly s is ,  f a l l  and s p r in g , was made o f  each o f  th e  

p re v io u s ly  d e sc r ib e d  su b p e r io d s . The r a t i o n a l e  f o r  t h i s  i s  th e  b e l i e f  

th a t  th e  demand s t r u c tu r e  b e in g  an a lyzed  fo r  each o f  th e  seasons d i f f e r s  

s ig n i f i c a n t ly .  The LSR e q u a tio n  p re v io u s ly  d e sc r ib e d  was used  to  an a ly ze  

each su b p erio d  se a so n , and th e  fo llo w in g  r e s u l t s  w ere o b ta in e d :

1948-58

FALL P = 8 .3 4  -  .001381Q, -  .004588Q, -  .001340Q. -  .0025711
(2 .9 1 )*  (5 .3 4 )* Z (2.18)*"3 (3 .1 6 )*

S y .x  = .76  R2 = .26 d . f .  = 81
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SPRING P = 8 .56  -  .001213Q1 -  .002122Q -  .001013Q. -  .0029661
(4 .0 9 )* 1 (4 .1 0 )* z (3 .2 6 )*  ■ (4 .3 5 )*

S y .x  = .61 = .18 d . f .  = 90

1959-67

FALL P » - .1 6  -  .001708Q -  .002695Q„ -  .001730Q + .0021801
(5 .4 5 )* 1 (5 .5 0 )* 2 . (4 .9 0 )* 3 (4 .4 9 )*

S y .x  = .59 R^ = .24  d . f .  = 103

SPRING P = -2 .6 9  -  .001220Q -  .002189Q -  .000801Q + .0030411
(3 .9 2 )* 1 (3 .5 8 )* 2 (2 .6 3 )* 3 (4 .9 0 )*

S y .x  ® .94 R^ a* .22  d . f .  = 123 

A ll e s tim a te d  c o e f f i c i e n t s  ex cep t fo r  income in  th e  1948-58 

p e rio d  have th e  ex p ec ted  s ig n .  The computed 111" v a lu e s  in d ic a te  t h a t  

a l l  c o e f f i c i e n t s  a re  s i g n i f i c a n t  a t  th e  f iv e  p e rc e n t l e v e l .  The sea so n a l 

a n a ly s is  h as  r e s u l te d  in  th e  improvement in  th e  R2 f o r  a l l  p e r io d s  ex cep t 

fo r  th e  s p r in g  1948-58 p e r io d . T here  was no c o n s is te n t  improvement in  

th e  s ta n d a rd  e r r o r  o f  th e  e s t im a te . The im p lied  income e l a s t i c i t y  

c o e f f i c i e n t s  a re  as fo llo w s :

1948-58 FALL: -6 .2 9
SPRING: -7 .5 3

1959-67 FALL: + 5 .07
SPRING: + 9 .76

To d e te rm in e  i f  changes in  th e  demand r e la t io n s h ip  have o ccu rred  

over tim e , su b p erio d  se a so n a l a n a ly se s  a re  made w ith  th e  in c lu s io n  o f  

zero -o n e  v a r ia b le s  to  r e p re s e n t  y e a r ly  s h i f t s .  The LSR e q u a tio n  o f  th e  

fo llo w in g  form i s  used  to  an a ly ze  each season  in  each su b p erio d :

?  = b0 + b1Ql  + b2Q2 + b3Q3 + bnTn + e

The r e s u l t s  a re  p re s e n te d  in  Appendix T ab le  9 . The 1959-67 su b p erio d  i s  

a g a in  an alyzed  on a  se a so n a l b a s is  u s in g  th e  income v a r ia b le  and ze ro -o n e
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v a r ia b le  fo r  y e a rs  f o r  which s ig n i f i c a n t  s h i f t s  a re  judged to  have 

o c cu rred . T h is  judgment i s  made on th e  b a s is  o f  th e  computed " t "  v a lu e s  

o f  each o f  th e  y e a rs  1959-67. The LSR e q u a tio n  o f  th e  fo llo w in g  form 

i s  to  an a ly ze  th e  f a l l  and s p r in g  season  fo r  th e  su b p erio d  1959-67:

P « bo + b1Q1 + b2Q2 + b3Q3 + b6I + bnTn + e

The r e s u l t in g  s t a t i s t i c a l  eq u a tio n s  a r e  a s  fo llo w s:

FALL P = .14 -  .001580Q -  .002743Q- -  .001556Q +  .0019071 +
(5 .3 2 )* 1 (5 .9 2 )* Z (4 .6 0 )* J (2 .9 9 )*

.718388T-. +  .23223I T ,c -  .073338T ,,
(3 .6 7 )* 6"4 (1 .1 3 ) 65 ( .2 6 )  67

S y .x  = .54 = .32  d . f . = 100

SPRING P = 1 .57 -  .001413Q -  .002129Q -  .00964Q +  .0008711 +
(4 .9 9 )* 1 (3 .8 6 )* 2 (3 .4 9 )* 3 (1 .1 9 )

.680028T +  1 .316232T ,, +  1.458694T
(2 .8 5 )* 63 (4 .8 4 )* ”  (4 .1 6 )* 67

S y .x  = .84 R2 = .38 d . f .  *= 120

F or each  o f  th e  s e a s o n s ,  t h e  r e g r e s s io n  c o e f f i c i e n t s  f o r  a l l  o f

th e  q u a n t ity  v a r ia b le s  a r e  h ig h ly  s i g n i f i c a n t .  Incom e i s  s i g n i f i c a n t  a t

th e  f iv e  p e rc e n t  l e v e l  f o r  th e  f a l l  season  b u t i s  n o t s ig n i f i c a n t  f o r  th e

sp rin g  seaso n . Z ero -one v a r ia b le s  f o r  a l l  s e le c te d  y e a rs  a re  s ig n i f i c a n t

ex cep t fo r  th e  y e a rs  1965 and 1967 in  th e  f a l l  seaso n . The R2 r e p re s e n ts

an improvement over th e  " a n a ly s is  w ith o u t zero -o n e  v a r ia b le s ,  b u t th e r e

a re  no s u b s ta n t ia l  re d u c tio n s  in  th e  s ta n d a rd  e r r o r  o f  th e  e s t im a te s .

The im p lied  income e l a s t i c i t y  c o e f f i c i e n t  f o r  th e  f a l l  season  i s  + 4 .8 0 .

Annual A n a ly sis  o f  Demand

A s e p a ra te  y e a r ly  a n a ly s is  h as been made fo r  each o f  th e  y e a r s ,  

1948 th ro u g h  1967. T h is  a n a ly s is  ig n o re s  any sea so n a l d iv is io n  in  th e
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demand s t r u c t u r e  f o r  c e n t r a l  A r izo n a  d i s t r i c t  l e t t u c e .  The fo l lo w in g  

LSR e q u a tio n  i s  u se d  to  a n a ly z e  each  y e a r :

P = bQ + + b 2Q2  +  bgQg + e

The r e s u l t s  a re  p re se n te d  in  T ab le  4 .

The excess demand cu rves fo r  th e  c e n t r a l  A rizona d i s t r i c t  have 

been p lo t te d  in  F ig u re s  16 and 17 f o r  each y e a r in  which th e  r e g re s s io n  

c o e f f ic ie n t  f o r  th e  q u a n t i ty  o f  c e n t r a l  A rizona d i s t r i c t  l e t t u c e  i s  a t  

l e a s t  s ig n i f i c a n t  a t  th e  20 p e rc e n t l e v e l . The e q u a tio n  f o r  excess 

demand i s :

* - V + “A
The v a lu e  o f  th e  r e g re s s io n  c o n s ta n t (b^*) i s  computed by th e  fo llo w in g  

form ula w ith  no r e s t r i c t i o n s  p la ce d  on a llo w ab le  s ig n if ic a n c e  le v e l s  o f  

r e g re s s io n  c o e f f i c i e n t s  (b^) and ( b ^ ) .

V  = bo + b 2^2 + b3^3

F ig u re s  16 and 17 in d ic a te  t h a t  th e r e  has been a c o n s id e ra b le  

y e a r ly  s h i f t  in  th e  ex cess demand cu rve  fa c in g  th e  c e n t r a l  A rizona d is ­

t r i c t .  The v a r io u s  ex cess demand cu rves e i t h e r  have th e  g e n e ra l s lo p e  

e x h ib ite d  by y e a r  1957 in  F ig u re  16 o r  th e  ty p e  e x h ib ite d  by y e a r 1959 

in  F ig u re  17. T ab le  4 in d ic a te s  t h a t  th e  eq u a tio n s  fo r  th e  s te e p e r  

sloped  cu rves c o n s is te n t ly  have a h ig h e r  R^. T h is  su g g es ts  th e  p o s s i­

b i l i t y  o f  a c o n s is te n t  r e g re s s io n  b ia s .

Four-Week P e rio d  A n a ly s is  o f  Demand

The demand a n a ly s is  f o r  four-w eek p e r io d s  r e p re s e n ts  an a ttem p t 

to  an a ly ze  th e  in tr a s e a s o n  s h i f t s  in  th e  demand s t r u c tu r e  f o r  th e  c e n t r a l  

A rizona d i s t r i c t  l e t t u c e .  The tim e p e r io d s  1948-67, 1948-58 and 1959-67



5 8

T able  4 . A n a ly sis  o f  Demand o f  C e n tra l A rizona D i s t r i c t  L e ttu c e  by 
Y ears (1 9 4 8 -6 7 ).
P = bQ + bjQ^ +  b2Q2 bgQg + e

R eg ress io n
C o n stan t

Net R eg ress io n  
C o e f f ic ie n ts A djusted

Year bo bl b 2 b3 R2

1948 3.29 -.000725
(1 .2 4 )

-.002555
(2 .8 6 )*

.000052
( .0 9 )

.398

1949 2 .10 -.000270
( .6 1 )

.003610
(4 .6 1 )*

-.000439
( .5 5 )

.770

1950 2 .44 -.000785
( .7 4 )

- .0 0 1 8 5 7 ’ 
( .8 5 )

.001435
( .7 4 )

.413

1951 3 .59 -.000660
( .9 7 )

-.003587
(3 .8 3 )*

-.0 0 1 0 7 2
(1 .0 9 )

.462

1952 5 .74 -.002440
(2 .8 5 )*

-.003890
(2 .3 0 )*

-.0 0 2 5 4 2  
(2 .8 9 )*  ’

.488

1953 1 .82 -.000028
( .0 4 )

-.001849
(2 .4 1 )*

.000659
(1 .0 4 )

.371

1954 3.99 -.002089
(2 .0 2 )* *

-.003675
(2 .2 2 )*

-.001898
(1 .59 )***

.158

1955. 4 .3 3 -.001609
(2 .0 0 )* *

-.003812
(2 .8 7 )*

-.001949
(3 .0 8 )*

.388

1956 3.73 -.002038
(2 .0 6 )* *

-.003623
(2 .7 7 )*

-.000948
(1 .2 4 )

.252

1957 5 .43 -.003270
(4 .1 2 )*

-.009715
(4 .4 2 )*

-.0 0 2 9 7 4
(4 .2 2 )*

.539

1958 3.19 -.001438
(1 .3 8 )* * *

-.003263
(1 .1 3 )

-.0 0 1 0 6 2
( .7 3 )

- .0 1 0

1959 ' 3 .31 -.001355
(4 .3 6 )*

-.001701
(2 .8 5 )*

-.001713
(4 .2 9 )*

.378

1960 4 .1 8 -.001626
(2 .5 3 )*

-.0 0 2 2 0 2
(1 .66 )***

-.002236
(2 .5 5 )*

.169

1961 3 .34 -.001604
(2 .8 3 )*

.002599
(2 .3 8 )*

-.000927
(1 .8 5 )* *

.203

1962 4 .5 3 -.002355
(4 .3 6 )*

-.001679
(1 .6 8 )* * *

-.002573
(3 .5 9 )*

.413

1963 4 .30 -.001602
(2 .7 8 )*

-.002639
(2 .1 2 )*

-.001534
(2 .2 7 )*

.145

1964 6.14 -.003168
(6 .0 2 )*

-.003263
(3 .7 4 )*

-.002593
(5 .9 3 )*

.622

1965 3 .78 -.000628
( .4 9 )

-.003584
(1 .8 9 )* *

-.0 0 0 6 3 2
( .5 8 )

.083



59

T able  4 . (C o n tin u ed ).

Year

R eg ress io n
C onstan t

N et R eg ress io n  
C o e f f ic ie n ts A d justed

R2bo b l b 2 b3

1966 1 .82 .000058 .000164 ' -.000249 - .0 9 0
( .1 6 ) ( .2 5 ) ( .6 6 )

1967 6.57 -.002889 -.006776 -.001948 .407
(1 .8 1 )* * (2 .7 4 )* (1 .0 4 )

*R eg ress io n  c o e f f i c i e n t . s i g n i f i c a n t l y  d i f f e r e n t  from zero  a t  th e  
f iv e  p e rc e n t l e v e l .

**R egression  c o e f f i c i e n t  s ig n i f i c a n t ly  d i f f e r e n t  from zero  a t  th e  
10 p e rc e n t l e v e l .  ***

***R egression  c o e f f i c i e n t  s i g n i f i c a n t ly  d i f f e r e n t  from zero  a t  
th e  20 p e rc e n t l e v e l .
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a re  each analyzed  s e p a r a te ly .  The LSR e q u a tio n  used  to  an a ly ze  each o f 

th e  tim e p e r io d s  i s  as  fo llo w s:

P = bo + b 1Q1 4- b4Q4 + e

The r e s u l t in g  r e g re s s io n  c o e f f i c i e n t s  a re  p re se n te d  in  T ab le  5 . The 

p r ic e  f l e x i b i l i t y  c o e f f i c i e n t  f o r  l e t t u c e  sh ipm ents from th e  c e n t r a l  

A rizona d i s t r i c t  and l e t t u c e  shipm ents from a l l  o th e r  d i s t r i c t s  i s  com­

pu ted  and p re se n te d  in  T ab le  5 when i t s  r e s p e c t iv e  r e g re s s io n  c o e f f ic ie n t s  

a re  s ig n i f i c a n t  a t  l e a s t  a t  th e  20 p e rc e n t l e v e l .

The excess demand cu rv es  f o r  th e  c e n t r a l  A rizona d i s t r i c t  l e t t u c e  

have been p lo t te d  f o r  each o f  th e  four-w eek p e r io d s  in  th e  1948-58 and 

th e  1959-67 p e rio d s  in  which th e  r e g re s s io n  c o e f f ic ie n t  f o r  c e n t r a l  

A rizona d i s t r i c t  l e t t u c e  i s  s ig n i f i c a n t  a t  l e a s t  a t  th e  20 p e rc e n t l e v e l .  

The e q u a tio n  f o r  th e  four-w eek  p e r io d  excess demand i s :

r = bo ' +

The v a lu e  o f  th e  r e g re s s io n  c o n s ta n t b ^ 1 i s  computed by th e  fo llo w in g  

form ula w ith  no r e s t r i c t i o n  on th e  a llo w ab le  l e v e l  s ig n if ic a n c e  on b4 :

V  = bo+ bA
The ex cess demand cu rv es  f o r  th e  1948-58 and 1959-67 p e r io d s  a re  p lo t te d  

in  F ig u re s  18 th ro u g h  21. T ab le  5 in d ic a te s  t h a t  in  m ost c a se s  th e  

p r ic e  f l e x i b i l i t y  c o e f f i c i e n t s  fo llo w  a g e n e ra l p a t t e r n .  As th e  mean 

v a lu e  o f  th e  v a r ia b le  q u a n t i ty  o f  c e n t r a l  A rizona l e t t u c e  sh ipped  (Q^) 

in c re a s e s ,  th e  p r ic e  f l e x i b i l i t y  c o e f f i c i e n t ,  w ith  r e s p e c t  to  t h i s  

v a r i a b le ,  a ls o  in c re a s e s .  T h is  i s  more e x p l i c i t l y  in d ic a te d  in  th e  

a n a ly s is  o f  th e  1959-67 su b p erio d  th a n  i n  th e  a n a ly s is  o f th e  o th e r  two 

tim e p e r io d s . F ig u re s  18 and 19 a ls o  in d ic a te  t h a t  th e re  i s  a r e l a t i o n ­

sh ip  betw een th e  p o s i t io n  o f  th e  ex cess  demand curve  and th e  mean v a lu e



T ab le  5 . R eg ress io n  o f  C e n tra l  A rizona D i s t r i c t  P r ic e  f o r  Four-Week P e r io d s . 
P = b0 + bjQ^ + b^Q^ + e

Time
Net R eg ress io n  

C o e f f ic ie n ts ' Means
P r ic e

F l e x i b i l i t y
Weeks P e rio d bl »4 P « i  - Q1 Q4

12-15 1948-67 -.001860
(5 .7 2 )*

-.000410
(1 .0 7 )

2.31 730.66 402.11 - .5 9
■

16-19 1948-67 -.000480
(1 .2 6 )

-.001057
(2 .9 8 )*

1.94 556.26 588.44 - .3 2

30-33 1948-67 -.001646
(4 .0 5 )*

-.0 0 1 1 3 2
(4 .0 8 )*

1.93 370.31 812.81 - .3 2 - .4 8

34-37 1948-67 -.000911
(2 .9 7 )*

-.000205
( .6 5 )

2 .00 881.31 389.31 - .4 0

38-41 1948-67 -.0 0 1 3 9 1
(3 .0 6 )*

-.000606
(1 .6 1 )* * *

2.21 462.27 885.05 - .2 9 - .2 4

42-45 1948-67 -.003587
(1 .6 4 )* * *

.001012
(1 .6 2 )* * *

2.17 194.59 1 ,1 0 1 .2 0 - .3 2

12-15 1948-58 -.002777
(3 .3 9 )*

-.001501
(1 .8 5 )* *

2.64 550.61 356.10 - .5 8 - .2 0

16-19 1948-58 -.000013
( .0 2 )

-.001481
(2 .0 3 )*

2.05 563.58 460.70 - .3 3

30-33 1948-58 -.001590 -.001677 1.98 419.48 602.69 - .3 4 - .5 1
(2 .8 8 )*  (3 .3 8 )*



T ab le  5 . (C ontinued)

N et R eg ress io n  
C o e f f ic ie n ts Means P r ic e

F l e x i b i l i t yT ime
Weeks P e rio d bl b4 P Qi 04 S l S4

34-37 1948-58 -.0 0 0 4 1 2
( .9 5 )

.000619
(1 .3 9 )* * *

2 .16 791.73 371.80

38-41 1948-58 -.0 0 1 6 1 4
(2 .4 0 )*

-.001923
(3 .7 8 )*  ***

2.41 381.65 725.10 - .2 6  - .5 8

12-15 1959-67 -.001445
(2 .9 8 )*

-.000228
( .4 9 )

2.01 899.79 445.33 - .6 5

16-19 1959-67 -.0 0 1 7 8 4
(3 .1 3 )*

-.001442  
. (2 .8 1 )*

1 .82 547.26 745.37 - .5 4  - .5 9

30-33 1959-67 -.002135
(3 .4 4 )*

-.001356
(3 .0 0 )*

1.89 321.14 1 ,022 .93 - .3 6  - .7 4

34-37 1959-67 -.001085
(2 .0 9 )*

-.000698
(1 .4 9 )* * *

1.81 992.33 411.06 - .5 9

38-41 1959-67 -.001293
(2 .0 6 )*

-.000099
( .1 8 )

2 .09 507.06 973.92 -  .31

42-45 1959-67 -.004419
(1 .8 3 )* *

.001133
(1 .4 3 )* * *

2,23 197.80 1 ,176 .07 - .3 9

*See T ab le  4 .

**See T ab le  4 .

***See T ab le  4 o>4>
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of v a r ia b le  Q^. I n  g e n e r a l , as th e  mean v a lu e  o f in c re a s e s  in  s iz e  

r e l a t i v e  to  i t s  v a lu e  in  p re v io u s  w eeks, th e  excess demand curve  s h i f t s  

outw ard r e l a t i v e  to  i t s  p o s i t io n  in  th e  p rev io u s  w eeks. T h is  p a t te r n  i s  

re v e rse d  fo r  bo th  th e  p r ic e  f l e x i b i l i t y  c o e f f ic ie n t s  and th e  excess 

demand curve in  th e  case  o f  a  d e c rea s in g  mean v a lu e  f o r  v a r ia b le  Q.

Two-Week P e rio d  A n a ly s is  o f  Demand

The tim e p e r io d  1959-67 has  been analyzed  in  p e r io d s  o f  two 

weeks each . The LSR e q u a tio n  p re v io u s ly  d e sc rib e d  in  th e  a n a ly s is  o f  

four-w eek p e r io d s  was u sed  to  an a ly ze  each two-week p e r io d . The r e s u l t in g  

re g re s s io n  c o e f f ic ie n t s  and th e  p r ic e  f l e x i b i l i t y  c o e f f ic ie n t s  f o r  s ig ­

n i f i c a n t  v a r ia b le s  a re  p re se n te d  in  T ab le  6 . Excess demand cu rves have 

been p lo t te d  as b e fo re  and a re  p re se n te d  in  F ig u re s  22 and 23.

I n  th e  a n a ly s is  o f  two-week tim e p e r io d s , th e  r e la t io n s h ip  be­

tween th e  computed ex cess demand curves and th e  p r ic e  f l e x i b i l i t y  c o e f­

f i c i e n t s  i s  more e v id e n t th an  in  th e  a n a ly s is  o f  four-w eek tim e p e r io d s . 

T ab le  6 in d ic a te s  t h a t  as th e  mean v a lu e  o f  v a r ia b le  q u a n t i ty  o f c e n t r a l  

A rizona l e t t u c e  sh ipped  (Q j) in c re a s e s ,  th e  p r ic e  f l e x i b i l i t y  c o e f f i c i e n t ,  

w ith  re s p e c t  to  t h i s  v a r i a b le ,  a ls o  in c re a s e s .  F ig u re s  22 and 23 in d i ­

c a te  t h a t  th e  r e la t io n s h ip  betw een th e  p o s i t io n  o f th e  ex cess demand 

curve  and th e  mean v a lu e  o f  v a r ia b le  found in  th e  a n a ly s is  o f four-w eek 

p e rio d s  i s  a ls o  e x h ib ite d  in  th e  a n a ly s is  o f two-week p e r io d s . As th e  

mean v a lu e  o f  in c re a s e s  r e l a t i v e  to  i t s  v a lu e  in  p re v io u s  w eeks, th e  

excess demand curve  s h i f t s  outw ard r e l a t i v e  to  i t s  p o s i t io n  in  th e  

p re v io u s  two-week p e r io d s .  A gain, as h as been found in  th e  a n a ly s is  o f  

four-w eek p e r io d s ,  t h i s  p a t t e r n  i s  re v e rse d  f o r  b o th  th e  p r ic e  f l e x i b i l i t y



T ab le  6 . R eg ress io n  o f  C e n tra l  A rizona D i s t r i c t  P r ic e  fo r  Two-Week P e r io d s . 
P e  bc + b iQ i +  b4Q4 + e

Time
Net. R eg ress io n  

C o e f f ic ie n ts Means
P r ic e

F l e x i b i l i t y
Weeks P e rio d *>1 b4 . P Qi % Ql 04

12-13 1959-67 .000096
( .1 1 )

.000785
(1 .1 1 )

2.27 762.47 556.87

14-15 1959-67 -.002918
(5 .2 8 )*

.000475
( .9 5 )

1 .79 1 ,0 1 4 .2 2 352.39 -1 .6 5

16-17 1959-67 -.0 0 2 1 2 4
(2 .4 0 )*

-.001975
(4 .2 8 )*

1.66 736.78 590.11 - .9 4  - .7 0

18-19 1959-67 -.0 0 0 5 0 4
( .3 7 )

-.000513
( .4 7 )

1 .98 . 346.59 909.76

31-32 1959-67 -.003097
(3 .0 6 )*

-.001353
(2 .3 2 )*

2 .02 249.80 1 ,057 .60 - .3 8  - .7 9

33-34 1959-67 -.001144
(1 .9 4 )* *

-.000688
(1 .3 8 )* * *

1.51 752.41 689.06 - .5 7

35-36 1959-67 -.0 0 1 3 3 2
(1 .54 )***

-.000819
( .9 4 )

1 .94 1 ,023 .25 335.12 - .7 0

37-38 1959-67 -.001487
(2 .2 7 )*

-.000779
(1 .4 2 )*

1.99 891.17 587.39 - .6 7

39-40 1959-67 -.001184
(1 .1 5 )

-.000065
( .0 8 )

2 .02 480.89 1 ,0 3 1 .5 0



T ab le  6 . (C ontinued)

N et R eg ress io n  P r ic e
Time ______ C o e f f ic ie n ts ______  — --------- --------------------------—----- F l e x i b i l i t y

Weeks P e rio d bl b4 P Qi ^4 Qi 94

41-42 1959-67 -.005599
(2 .2 5 )*

.002340
(2 .1 4 )*

2.37 230.72 1 ,063 .89 - .5 4 1.05

43-44 1959-67 -.005517
(1 .62 )***

.001419
(1 .3 1 )

2 .30 210.17 1 ,223 .33 - .5 0

*See T ab le  4 .

**See T ab le  4 .

***See T ab le  4 .
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c o e f f ic ie n t s  and th e  excess demand cu rves in  th e  case  o f a d e c rea s in g  

mean v a lu e  fo r  v a r ia b le  Q^.

The 1959-67 su b p erio d s  a re  analyzed  in  four-w eek and two-week 

tim e p e r io d s  w ith  th e  in c lu s io n  o f  s e le c te d  y e a r ly  zero -one  v a r ia b le s  

fo r  th e  y e a r  in  which s ig n i f i c a n t  s h i f t s  were judged to  have o c cu rred .

The LSR e q u a tio n  o f  th e  fo llo w in g  form i s  u sed  in  th e  a n a ly s is  o f each 

tim e p e rio d :

P = bo +  b 1Q1 +  b4Q4 + bnTn + e

The r e s u l t s  a r e  p re se n te d  in  Appendix T ab le  10. The u se  o f  th e  s h i f t  

v a r ia b le  r e s u l t s  in  a  g e n e ra l  in c re a s e  in  th e  s ig n if ic a n c e  le v e l  o f  th e
•— O

shipm ent v a r ia b le s  (Q^ and Q ^), h ig h e r  R , and sm a lle r  s ta n d a rd  e r r o r s  

o f  th e  e s tim a te  as compared to  th e  p re v io u s  a n a ly s is  when on ly  shipm ent 

v a r ia b le s  w ere used  as independen t v a r ia b le s .

A n a ly s is  o f  Demand f o r  th e  Yuma.
A r iz o n a . D i s t r i c t  L e t tu c e

The demand r e la t io n s h ip s  f o r  th e  Yuma, A rizo n a , d i s t r i c t  l e t t u c e  

a re  analyzed  in  a  manner t h a t  p a r a l l e l s  th e  s tu d y  o f  c e n t r a l  A rizona 

d i s t r i c t  l e t t u c e .  The Yuma d i s t r i c t  demand a n a ly s is  d i f f e r s  from  th a t  

o f th e  c e n t r a l  A rizona d i s t r i c t  .in t h a t  shipm ents a re  made on ly  d u rin g  

th e  w in te r  sea so n . The v a r ia b le s  in c lu d e d  in  th e  demand a n a ly s is  a re  

th e  same as  th o se  u sed  in  th e  a n a ly s is  o f  c e n t r a l  A rizona d i s t r i c t  demand 

ex cep t fo r  th e  fo llo w in g :

P -  d e f la te d  f . o . b .  Yuma d i s t r i c t  p r ic e  f o r  a  c a r to n  

c o n ta in in g  two dozen heads o f  l e t t u c e  

-  t o t a l  w eekly q u a n t i ty  o f  l e t t u c e ,  in  thousands o f  c a r to n s ,  

sh ipped  by a l l  d i s t r i c t s  o th e r  th an  th e  Yuma d i s t r i c t
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The same s t a t i s t i c a l  t e s t s  a re  a p p lie d  to  th e  Yuma d i s t r i c t  

demand a n a ly s is  as  a re  a p p lie d  to  th e  c e n t r a l  A rizona d i s t r i c t  demand 

a n a ly s is .

Combined A n a ly sis  o f  Demand

L e ttu c e  i s  sh ipped  from th e  Yuma d i s t r i c t  d u rin g  th e  w in te r  

seaso n . The LSR eq u a tio n  used  to  an a ly ze  th e  p e r io d  1948-67 i s :

P = b0 + b ^  +  b 2Q2  +  b3Q3 +  b g l +  e 

The fo llo w in g  r e s u l t s  have been o b ta in ed :

.00950Q - .00655Q. - .000807Q- - .0002361
(4 .7 8 )* 1 (1 .8 3 )* 2 (4 .1 1 )*  J (1 .1 5 )

x = .76 R2 » .09 d . f .  -  360

A ll q u a n t i ty  v a r ia b le s  have th e  expec ted  s ig n  and t h e i r  re g re s s io n  

c o e f f ic ie n t s  a re  s ig n i f i c a n t  a t  th e  f iv e  p e rc e n t l e v e l  ex cep t fo r  th e  

r e g re s s io n  c o e f f i c i e n t  f o r  th e  v a r ia b le  w hich i s  s ig n i f i c a n t  a t  th e  

10 p e rc e n t l e v e l .  The income c o e f f i c i e n t  i s  n o t s i g n i f i c a n t .

The 1948-67 p e r io d  i s  broken in to  two su b p e r io d s , 1948-58 and 

1959-67, and th e n  each i s  an a ly zed  s e p a ra te ly ,  u s in g  th e  p re v io u s ly  

d e sc r ib e d  e q u a tio n  form . The re a so n  fo r  th e  b reak  i s  t h a t  p r io r  to  th e  

1958-59 season  w eekly d a ta  w ere n o t r e p o r te d  f o r  t ru c k  sh ip m en ts . The 

r e s u l t i n g  s t a t i s t i c a l  e q u a tio n s  fo r  th e  1949-58 p e r io d  and th e  1959-67 

p e r io d  a re :

1948-58 P -  10 .88  -  .001170Q - .  .002341Q, -  .001412Q., -  .0042861
(3 .4 9 )* 1 (4 .5 9 )* Z (4 .4 3 )* J (8 .7 1 )*

S y .x  *= ;68 = .30 d . f . = 181

1959-67 P -  1 .7 4  -  .002055Q, -  .002495Q, -  .001584Q- + .0012891
(8 .5 0 )* 1 (5 .0 3 )*  (6 .7 2 )* J  (3 .6 2 )*

S y .x  » .65 R2 = .29 d . f .  = 173
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A ll q u a n ti ty  v a r ia b le s  have th e  expected  s ig n  and t h e i r  re g re s s io n  

c o e f f ic ie n t s  a re  s ig n i f i c a n t  a t  th e  f iv e  p e rc e n t l e v e l .  The re g re s s io n  

c o e f f ic ie n t s  f o r  income fo r  b o th  subp erio d s  a re  s ig n i f i c a n t  a t  th e  f iv e  

p e rc e n t l e v e l .  A gain, as  i s  found in  th e  a n a ly s is  o f  th e  c e n t r a l  A rizo n a  

d i s t r i c t ,  th e  s ig n  fo r  th e  income v a r ia b le  changes between th e  two subpe­

r io d s .  The e s tim a te d  income e l a s t i c i t y  c o e f f i c i e n t s  f o r  th e  two su b p erio d s  

a re :

1948-58: -3 1 .5 3

1959-67: + 4 .96

The b reak in g  o f  th e  1947-67 p e r io d  in to  two su b p erio d s  r e s u l t s  in  a 

c o n s id e ra b le  improvement in  th e  R^, b u t o n ly  a  s l i g h t  improvement in  th e  

s ta n d a rd  e r r o r  o f  th e  e s t im a te .

To d e term in e  i f  changes in  th e  demand r e la t io n s h ip  have o ccu rred  

over tim e , each su b p erio d  i s  an a lyzed  w ith  ze ro -o n e  v a r ia b le s  in c lu d ed  

to  re p re s e n t  y e a r ly  s h i f t s .  The LSR eq u a tio n  o f  th e  fo llo w in g  form i s  

used  to  an a ly ze  each su b p erio d :

P = b0 + b-^Q1 +  b 2Q2 + b3Q3 +  bnTn  + e 

The r e s u l t i n g  s t a t i s t i c a l  e q u a tio n s  a re  p re se n te d  in"A ppendix T ab le  11.

The 1959-67 su b p erio d  i s  an a lyzed  u s in g  income as a  v a r ia b le  and zero -o n e  

v a r ia b le s  f o r  y e a rs  in  which s ig n i f i c a n t  s h i f t s  a re  judged to  have o c cu rred . 

The LSR e q u a tio n  o f  th e  fo llo w in g  form  i s  u sed  to  an a ly ze  th e  su b p erio d  

1959-67:

P = b0 + b^Qi + b 2Q2 +  b3Q3 +  b g l + bQTn +  e 

The r e s u l t in g  s t a t i s t i c a l  e q u a tio n  i s  a s  fo llo w s :

P = 3 .05  -  .002134Q -  .002874Q -  .001567Q. + .0005851 
( 1 0 .15)*1 (6 .6 6 )* 2 (7 .6 8 )* 3 (1 .7 0 )* *

+ .299451T + .8 7 9 3 1 8 1 ,,+  .827746T66 
(2 .2 4 )*  (6 .7 8 )* °*  (5 .3 9 )*
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Sy.x = .56 = .48 d . f . = 270 '

A l l  v a r ia b le s  a r e  h ig h ly  s i g n i f i c a n t  a t  th e  f i v e  p e r c e n t  l e v e l ,  

e x c e p t  f o r  th e  incom e v a r ia b le  w h ich  i s  s i g n i f i c a n t  a t  th e  10 p e r c e n t  

l e v e l .  The q u a n t ity  and incom e v a r ia b le s  h ave, th e  e x p e c te d  s ig n s .  The 

e s t im a te d  incom e e l a s t i c i t y  c o e f f i c i e n t  i s  + 2 .1 6 . T h ere i s  an improvem ent 

. in  th e  R and a s l i g h t  im provem ent in  th e  sta n d a rd  e r r o r  o f  th e  e s t im a t e .

Annual A n a ly sis  o f Demand

A y e a r ly  a n a ly s is  o f  th e  demand fo r  Yuma d i s t r i c t  l e t t u c e  i s  

made fo r  each o f  th e  y e a rs  1948 th rough  1967. The LSR eq u a tio n  o f  th e  

fo llo w in g  form i s  used  to  an a ly ze  each y e a r:

P = bo + +  b 2Q2 + b3Q3 + e

The r e s u l t s  a re  p re se n te d  in  T ab le  7 . The excess demand curve  i s  p lo t te d  

in  F ig u re s  24 and 25 f o r  each y e a r in  which th e  r e g re s s io n  c o e f f ic ie n t  

f o r  q u a n t i ty  o f  l e t t u c e  sh ipped  from th e  Yuma d i s t r i c t ,  i s  s ig n i f i c a n t  

a t  l e a s t  a t  th e  JZO p e rc e n t l e v e l .  The excess demand e q u a tio n  i s :

P .  V  +  b 2Q2

The v a lu e  o f  b0 * i s  computed by th e  f o l lo w in g  form ula:

V + b0 + blQl + b3̂3
As i s  th e  case  w ith  th e  c e n t r a l  A rizona d i s t r i c t ,  th e re  a re  c o n s id e ra b le  

y e a r ly  s h i f t s  among th e  Yuma d i s t r i c t  excess demand c u rv e s . The v a r io u s  

demand cu rves ten d  to  f a l l  in to  th r e e  g e n e ra l s lo p e  c a te g o r ie s  a s  ty p i f i e d  

by th e  cu rves fo r  th e  y e a rs  1964, 1966 and 1967. As found in  th e  a n a ly s is  

o f  th e  c e n t r a l  A rizona d i s t r i c t ,  th e  g r e a te r  th e  s lo p e  o f  th e  cu rv e , th e  

h ig h e r  th e  R^.
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T ab le  7. A n a ly sis  o f  Demand o f  Yuma, A rizona , D i s t r i c t  L e ttu c e  by 
Y ears (1948-67 ).
P = bo + b1Q1 + b2Q2 + b3Q3 + e

R eg ress io n
C onstan t

N et R eg ress io n  
C o e f f ic ie n ts A djusted

Y ear bo bi b 2 b3 R2

1948 3.45 -.000266
( .2 4 )

-.002314
(2 .0 6 )* *

-.000554
( .5 6 )

.134

1949 3 .06 -.000905
( .4 7 )

-.001520
(.3 0 )

-.000911
(.4 0 )

.097

1950 4 .28 -.001778
(2 .5 3 )*

-.003426
(2 .2 4 )*

-.001240
(1 .72 )***

.342 .

1951 1.70 -.000501
(1 .4 0 )* * *

-.001956
(2 .0 8 )* *

-.000710
(1 .74 )***

. .443

1952 6.71 -.002945
(2 .3 7 )*

. -.004606  
(3 .3 5 )*

-.003733
(3 .5 6 )*

.551

1953 2.76 -.001210
(1 .4 6 )* * *

-.000074
(.0 8 )

-.001123
(1 .50 )***

- .0 4 2

1954 2 .82 -.000068
( .0 4 )

-.000497
( .1 7 )

-.001274
( .8 6 )

- .0 1 1

1955 2.41 -.001033
(1 .0 4 )

.000354
( .1 4 )

-.000277
( .2 1 )

- .0 5 5

1956 2.78 -.000911  
(1 .0 9 )  ~

-.000013  
"  ( .0 1 )

-.001841
(2 .3 3 )*

.371

1957 3 .66 -.001276
( .5 9 )

-.004679
(1 .59 )***

-.001919
(1 .2 8 )

.119

1958 3 .54 -.001117
( .7 6 )

-.003624
( .9 3 )

-.002485
(1 .5 1 )* * *

.002

1959 1 .22 .000129
( .2 1 )

-.002125
(1 .67 )***

.001135
(1 .7 7 )* *

.392

1960 4 .25 -.002063
(1 .9 1 )* *

-.003565
(1 .67 )***

-.001271
(1 .2 2 )

.177

1961 4 .7 2 -.002700
(2 .8 2 )*

-.002256
( .8 2 )

-.002279
(3 .4 5 )*

.335

1962 4 .55 -.002598
(6 .0 5 )*

-.001249
(1 .1 0 )

-.002716
(5 .3 1 )*

.673

1963 4 .33 -.001825
(2 .6 6 )*

-.003104
(1 .7 1 )* * *

-.001368
(1 .7 5 )* *

.175

1964 6 .6 2 -.003598
(7 .8 1 )*

-.005047
(4 .9 0 )*

-.002045
(4 .7 8 )*

.732

1965 2 .80 .000163
( .1 8 )

-.001615  
(1 .5 1 )* * *

-.000827
(1 .1 7 )

.441
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T able  7. (C o n tin u ed ).

Y ear

R eg ress io n
C onstan t

Net R eg ress io n  
C o e f f ic ie n ts A djusted

R2bo bl b2 b3

1966 3 .51 -.001576 -.002190 .000027 .619
• (2 .6 0 )* (2 .6 4 )* ( .0 4 )

1967 4 .18 -.001767 -.002154 -.001723 .166
(2 .5 1 )* (1 .46 )*** (2 .4 2 )*

*See T ab le  4 .

**See T ab le  4 .

***See T ab le  4
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Four-Week P e rio d  A n a ly sis  o f  Demand

Four-w eek p e r io d s  a re  analyzed  fo r  th e  Yuma d i s t r i c t  as h as  been 

done fo r  th e  c e n t r a l  A rizona d i s t r i c t .  The LSR e q u a tio n  o f th e  fo llo w in g  

form i s  used :

P = bo +  b 2Q2 + b5Q5 + e

The r e s u l t in g  s t a t i s t i c a l  e q u a tio n s  a re  p re se n te d  in  T ab le  8 . P r ic e  

f l e x i b i l i t y  c o e f f ic ie n t s  a re  computed f o r  each v a r ia b le  when i t s  r e g re s ­

s io n  c o e f f ic ie n t  i s  s i g n i f i c a n t  a t  l e a s t  a t  th e  20 p e rc e n t l e v e l .  I n  

g e n e ra l , th e  p r ic e  f l e x i b i l i t y  c o e f f ic ie n t  w ith  r e s p e c t  to  th e  q u a n ti ty  

o f l e t t u c e  sh ipped  from th e  Yuma d i s t r i c t  (Q2) in c re a s e s  as th e  mean 

v a lu e  o f  v a r ia b le  in c r e a s e s .  Due to  th e  la c k  o f  s ig n i f i c a n t  r e g re s s io n  

c o e f f i c i e n t s ,  t h i s  i s  n o t as e v id e n t a s  in  th e  a n a ly s is  o f  th e  c e n t r a l  

A rizona d i s t r i c t .  Excess demand cu rv es  a re  computed f o r  each s t a t i s t i c a l  

e q u a tio n  f o r  th e  1948-58 and 1959-67 p e r io d s  in  which th e  v a r ia b le  Q2 i s  

s ig n i f i c a n t  a t  o r  above th e  20 p e rc e n t l e v e l .  The e q u a tio n  f o r  th e  

four-w eek p e r io d  ex cess  demand i s :

P ■ V + “A
The v a lu e  o f  th e  r e g re s s io n  c o n s ta n t b * i s  computed by th e  fo llo w in g

form ula w ith  no r e s t r i c t i o n s  on a llo w ab le  l e v e l  o f  s ig n if ic a n c e  on b :
5

V  = bo + bsQs
The curves f o r  th e  1948-58 su b p erio d  a r e  p re se n te d  in  F ig u re  26 and th o se  

f o r  th e  1959-67 p e r io d  a re  p re s e n te d  in  F ig u re  27. A lthough th e  s h i f t  

i s  n o t as ev id en t as in  th e  c e n t r a l  A rizona d i s t r i c t ,  th e  computed 

excess demand cu rves f o r  th e  Yuma d i s t r i c t  ten d  to  s h i f t  outw ard and as 

th e  mean v a lu e  o f  th e  v a r ia b le  Q2 in c re a s e s  r e l a t i v e  to  i t s  v a lu e  in  th e  

p rev io u s  week.



T ab le  8 . R eg ress io n  o f  Yuma, A rizona, D i s t r i c t  P r ic e  fo r  Four-Week P e r io d s . 
P = b0 + b%Q2  +  bgQg +  e

Time
N et R eg ress io n  

C o e f f ic ie n ts Means
P r ic e

F l e x i b i l i t y
Weeks ' P e rio d b2 , b5 P *2 % q2 q5

16-19 1948-67 -.002094
(2 .4 2 )*

-.000532
(1 .1 2 )

1.99 246.68 921.00 - .2 6

21-24 1948-67 -.000425
( .4 2 )

-.000687
(1 .1 4 )

2 .11 235.72 921.25

25-28 1948-67 .001457
(1 .2 5 )

-.001663
(3 .6 4 )*

1.87 201.77 1 ,002 .80 - .8 9

29-32 1948-67 -.001338
(1 .6 6 )*

-.000594
(1 .6 9 )*

.2 .0 0 301.60 885.49 - .2 0  - .2 6

16-19 1948-58 -.004936
(2 .5 8 )*

.001080
(1 .4 2 )* * *

2.20 196.40 840.03 - .4 4

21-24 1948-58 .005359
(2 .1 8 )*

-.001174
(1 .4 3 )* * *

2.11 176.34 - 842.30 - .4 5  - .4 7

25-28 1948-58 .002358
(1 .2 7 )

-.002911
(2 .9 4 )*

1.83 155.63 899.79 -1 .4 3

29-32 1948-58 -.001763
(1 .8 1 )* *

.000792
( .8 9 )

2.05 294.76 751.57 - .2 5

16-19 1959-67 . -.000980  
(1 .0 5 )

-.001660
(2 .6 6 )*

1.76 299.83 1 ,0 0 6 .6 0 - .9 5



T a b le  8 .  (C o n t in u e d ) .

Time
N et R eg ress io n  

C o e f f ic ie n ts Means
P r ic e

F l e x i b i l i t y
Weeks P e rio d b2 ' b5 P

S 9 2 S

21-24 . 1959-67 -.002677
(2 .1 3 )*

-.0 0 1 9 3 2
(2 .1 1 )*

2.11 308.30 1 ,017 .75 - .3 9  - .9 3

25-28 1959-67 -.001418
( .8 4 )

-.001613
(3 .2 6 )*

1.91 250.47 1 ,111 .53 - .9 4

29-32 1959-67 -.001308
( .8 4 )

-.001265
(2 .7 1 )*

1.95 309.58 1 ,0 4 1 .7 2 - .6 8

33-36 1959-67 -.0 0 1 1 2 6
(1 .5 6 )* * *

-.001527
(3 .2 0 )*

1.51 271.11 1 ,219 .56 - .2 0  -1 .2 3

*Sce T ab le  4 . /

**See T ab le  4 .

***See T ab le  4
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Two-Week P e r io d  A n a ly s is  o f  Demand

The two-week p e r io d  demand f o r  th e  Yuma d i s t r i c t  l e t t u c e  i s  

analyzed  f o r  th e  su b p erio d  1959-67. The LSR e q u a tio n  p re v io u s ly  d e sc r ib e d  

in  th e  four-w eek demand a n a ly s is  i s  u sed . The r e s u l t in g  s t a t i s t i c a l  

e q u a tio n s  a re  p re se n te d  in  T ab le  9 . P r ic e  f l e x i b i l i t y  c o e f f i c i e n t s  a re  

computed f o r  on ly  th e  two v a r ia b le s  fo r  which th e  r e g re s s io n  c o e f f ic ie n t  

was s ig n i f i c a n t  a t  o r  above th e  20 p e rc e n t l e v e l .  The excess demand 

curves f o r  th e se  eq u a tio n s  a r e  p lo t te d  in  F ig u re  28. The computed excess 

demand cu rves and p r ic e  f l e x i b i l i t y  c o e f f ic ie n t s  concur w ith  th o se  o f  th e  

four-w eek demand a n a ly s is .

The 1959-67 su b p erio d  i s  analyzed  in  four-w eek  and two-week tim e 

p e r io d s  w ith  th e  in c lu s io n  o f  s e le c te d  y e a r ly  zero -o n e  v a r ia b le s  fo r  

th e  y e a rs  in  w h ich ' s ig n i f i c a n t  s h i f t s  a re  judged  to  have o c c u rre d . The 

LSR e q u a tio n  o f th e  fo llo w in g  form i s  used  in  th e  a n a ly s is  o f  each tim e • 

p e r io d :

r  .  b0 +  b 2q 2 +  b 5q 5 +  bnTn  +  e

The r e s u l t s  a r e  p re se n te d  in  Appendix T ab le  12. As in  th e  s im i la r  

a n a ly s is  o f  th e  c e n t r a l  A rizona d i s t r i c t ,  th e  u se  o f s h i f t  v a r ia b le s  h a s  

r e s u l te d  in  a  g e n e ra l in c re a s e  in  th e  s ig n if ic a n c e  l e v e l  o f  th e  r e g re s -
O

s io n  c o e f f i c i e n t  f o r  th e  shipm ent v a r ia b le s  (Q^ and Q ^), a  h ig h e r  R and 

a  re d u c tio n  in  th e  s iz e  o f  th e  s ta n d a rd  e r r o r  o f  th e  e s t im a te s .

A n a ly sis  from D ata  A d justed  fo r  Lack 
o f  Weekly T ruck Shipm ents

P r io r  to  th e  1958-59 sea so n , l e t t u c e  shipm ents by tru c k  were n o t 

re p o r te d .  Appendix T ab le  13 shows th e  p e rc en ta g e  o f  c e n t r a l  A rizona and 

Yuma d i s t r i c t  p ro d u c tio n  sh ipped  by t r u c k .  T h is  p e rc e n ta g e  v a r ie s  from



T ab le  9 . R eg ress io n  o f  Yuma, A rizo n a , D i s t r i c t  P r ic e  fo r  Two-Week P e r io d s . 

P = b0 + b2Q2 +  b5Q5 +  e

Time
N et R eg ress io n  

C o e f f ic ie n ts Means P r ic e
F l e x i b i l i t y

Weeks P erio d
b2 P , % Q5 %  S

16-17 1959-67 -.002014
(1 .9 4 )* *

-.001451
(1 .8 4 )* *

18-19 1959-67 -.000621
( .3 3 )

-.000899
( .7 1 )

21-22 1959-67 -.000059
( .0 3 )

-.000408
( .3 4 )

23-24 1959-67 -.002731
(1 .0 8 )

-.002983
(2 .1 0 )*

25-26 1959-67 -.003750
(1 .6 7 )* * *

-.001227
(2 .0 7 )* *

27-28 1959-67 .000637
( .2 3 )

-.001655
(1 .7 6 )* *

29-30 1959-67 -.0 0 2 7 2 2
( .9 7 )

-.001012
(1 .4 5 )* * *

31-32 1959-67 ‘ -.000567  
( .2 4 )

-.001502
(2 .0 9 )* *

33-34 1959-67 -.000939
(1 .1 0 )

-.001355
(2 .3 3 )*

1.58 253.18 1 ,0 9 7 .4 1 - .3 2 -1 .0 1

1.94 343.89 920.83

1.76 367.28 1 ,038 .33

2.45 249.33 997.17 -1 .2 1

2.05 250.00 1 ,089 .44 1 4> O' - .6 5

1.77 250.94 1 ,133 .61 -1 .0 6

1.90 278.33 1 ,095 .11

1.99 340.83 988.33 - .7 4

1.53 303.21 1 ,176 .78 -1 .0 4



^See T ab le  4 . 

#*See T ab le  4 . 

***See T ab le  4 .
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a low o f  5 .3  p e rc e n t o f th e  1950 f a l l  season  c e n t r a l  A rizona d i s t r i c t  

p ro d u c tio n  to  a h ig h  o f 4 5 .5  p e rc e n t o f  th e  1958 Yuma d i s t r i c t  p ro d u c tio n . 

Some o f  th e  u n ex p la in ed  p r ic e  v a r i a t io n  fo r  l e t t u c e  in  th e  1948-58 p e rio d  

may have o ccu rred  because o f t h i s  e r r o r  in  m easurem ent o f  th e  shipm ent 

v a r ia b le s  in v o lv e d . A ccording to  S h u f fe t t  (1954) e r r o r s  i n  th e  in d e ­

pendent v a r ia b le s  ten d  to  b ia s  th e  r e g re s s io n  c o e f f i c i e n t s  betw een th e  

dependent v a r ia b le  and th e  s e v e ra l  independen t v a r ia b le s  in v o lv ed  toward 

z e ro . To d e term in e  th e  e f f e c t  o f  th e  e r r o r s  in  shipm ent d a ta  f o r  th e  

1948-58 p e r io d , an a n a ly s is  h as  been made o f th e  demand fo r  l e t t u c e  fo r  

each  o f  th e  A rizona d i s t r i c t s  w ith  th e  a d ju s te d  d a ta .

The w eekly shipm ent d a ta  from th e  c e n t r a l  A rizona d i s t r i c t  and 

a l l  o th e r  d i s t r i c t s  o u ts id e  o f  A rizona f o r  each y e a r  were a d ju s te d  by 

m u ltip ly in g  th e  r e c ip r o c a l  o f  th e  complement to  th e  p e rc en ta g e  o f 

c e n t r a l  A rizona d i s t r i c t  l e t t u c e  p ro d u c tio n  sh ipped  by tru c k  fo r  each 

season  o f  each y e a r .  Yuma d i s t r i c t  shipm ents a re  a d ju s te d  in  r e l a t i o n  

to  t h e i r  annual p e rc e n ta g e  o f  l e t t u c e  p ro d u c tio n  sh ip p ed  by t r u c k .  The 

demand fo r  l e t t u c e  from  each d i s t r i c t  i s  analyzed  f o r  th e  su b p erio d  

1948-58. The demand f o r  c e n t r a l  A rizona d i s t r i c t  l e t tu c e  fo r  th e  

1948-58 su b p erio d  i s  a ls o  an a ly zed  on a  sea so n a l b a s i s .  The e q u a tio n  

form i s  th e  same as  th o se  used  in  th e  p re v io u s  a n a ly se s  o f each o f  th e  

A rizona d i s t r i c t s .  The r e s u l t i n g  s t a t i s t i c a l  e q u a tio n s  a re  p re se n te d  

in  Appendix T ab le  14. The im p lied  income e l a s t i c i t y  c o e f f i c i e n t s  a re  as 

fo llo w s:

C e n tr a l A r izo n a  Yuma

1948-58 -4 .5 6

F a l l 1948-58 -4 .0 2

S prin g 1948-58 -5 .3 6
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The a d ju s te d  d a ta  a re  a ls o  analyzed  w ith  zero -o n e  v a r ia b le s  

in c lu d e d . The r e s u l t i n g  s t a t i s t i c a l  e q u a tio n s  in d ic a te d  v e ry  l i t t l e  

change from th e  s im i la r  a n a ly s is  made w ith  u n a d ju s ted  d a ta .  I n  g e n e ra l , 

th e  a n a ly s is  w ith  a d ju s te d  d a ta  r e s u l te d  in  a  re d u c tio n  in  th e  s iz e  

o f th e  im p lied  income e l a s t i c i t y  c o e f f ic ie n t s  and a s l i g h t  re d u c tio n  in  

th e  s iz e  o f  th e  v a r io u s  r e g re s s io n  c o e f f ic ie n t s  and t h e i r  le v e ls  o f  

s ig n if ic a n c e .



CHAPTER V

VARIATIONS.IN ARIZONA LETTUCE PRICE

Weekly average  f . o . b .  A rizona l e t tu c e  p r ic e  i s  s u b je c t  to  

extrem e f lu c tu a t io n .  F ig u re  29 shows th e  w eekly average  p r ic e  fo r  th e  

c e n t r a l  A rizona d i s t r i c t  and th e  Yuma d i s t r i c t  f o r  th e  y e a rs  1948 th rough  

1967. There i s  no in d ic a t io n  o f  any re c u r r in g  tre n d s  o r  c y c l i c a l  p a t te r n s  

fo r  t h i s  p e r io d  d u rin g  which weekly, o b se rv a tio n s  a re  p lo t t e d .

I t  i s  to  be expec ted  t h a t  v a r ia t io n s  in  th e  q u a n t i ty  o f  l e t tu c e  

sh ipped  would be im p o rtan t in  e x p la in in g  th e  p r ic e  v a r i a t io n s .  The 

o b je c t iv e s  o f  t h i s  c h a p te r  a re  to  examine th e  r e la t io n s h ip s  between 

v a r ia t io n s  in  A rizona l e t t u c e  p r ic e  and v a r i a t io n s  in  th e  q u a n t i ty  o f  

l e t t u c e  sh ip p ed . The p r ic e  v a r ia t io n s  in  each  o f  th e  two m ajor d i s t r i c t s ,  

c e n t r a l  A rizona and Yuma, a re  analyzed  s e p a r a te ly .  P r ic e  and q u a n ti ty  

d a ta  a re  th e  same "weekly o b se rv a tio n s  u sed  in  C hapter IV.

M odel f o r  A n a ly s is

The m odel/used  to  an a ly ze  l e t t u c e  p r ic e  v a r ia t io n s  i s  o f th e  

same type  as developed by F ir c h  (1 9 6 3 ). T h is  model a l lo c a te s  th e  v a r ­

ian ce  o f  a dependent v a r ia b le  among th e  v a r io u s  independen t v a r ia b le s .

The g e n e r a l  form  o f  th e  m odel u sed  in  t h i s  a n a ly s i s  i s  shown by th e  

f o l lo w in g  e q u a tio n :

P. = bo +  b 1Q1 +  b 2Q2 4- e ( I )

I t  can be shown th a t  th e  v a r ia n c e  o f  th e  dependent v a r ia b le  (P) i s  a  

fu n c tio n  o f  th e  v a r ia n c e s  and co v arian ce  o f  th e  two independen t

9 3



D
O

L
L

A
R

S 
D

O
L

L
A

R
S

18 28 3818 2812 2214 24 3416 26 3613 23 33 4314 24 34 13 2317 27 37 16 2618 28 38
195919581 9 5 6I 9 6 01 9 4 8

WEEKS
CENTRAL ARIZONA PRICE 
•YUMA ARIZONA PRICE

2.00

16 26 3616 26 3618 28 33
1966

WEEKS £

FIGURE 2 9  LETTUCE WEEKLY AVERAGE PRICES FOR CENTRAL ARIZONA DISTRICT AND YUMA ARIZONA DISTRICT



9 5

v a r ia b le s  (Q^ and Q^) and th o se  v a r ia b le s  n o t e x p l i c i t l y  in c lu d ed  in  th e  

eq u a tio n  b u t re p re se n te d  by th e  term  ( e ) . T h is  i s  i l l u s t r a t e d  in  th e  

fo llo w in g  eq u a tio n :

Ei = E2 + B3 + e2 j 3 +  Ee

where i s  th e  v a r ia n c e  o f  th e  dependent v a r ia b le

_  K 2
2

(I D

Eo = bx a Q

E3 ” b2 V  
2

E2, 3 * b l b 2 a Q Q 
1 2

e e

A ll o f  th e  in fo rm a tio n  needed to  make th e  a l lo c a t io n  o f th e  v a r ia n c e  in  

E quation  I I  i s  o b ta in e d  from  th e  le a s t - s q u a r e  e s t im a tio n  o f th e  r e g re s s io n  

c o e f f ic ie n t s  (b^ and b^) o f  th e  e q u a tio n . The v a lu e  o f  E^ may be o b ta in ed  

as  th e  d i f f e r e n c e  betw een th e  v a r ia n c e s  o f dependent v a r ia b le  (P) and 

th e  f i r s t  th r e e  term s on th e  r i g h t  s id e  o f  th e  E quation  I I .

The various" e lem en ts o f  E quation  I I  may be in te r p r e te d  in  th e  

fo llo w in g  m anner. The t o t a l  v a r ia n c e  in  th e  dependent v a r ia b le  i s  shown 

on th e  l e f t  s id e  o f th e  e q u a tio n . The f i r s t  two term s on th e  r i g h t  s id e  

o f  th e  e q u a tio n  r e p re s e n t  th e  v a r ia n c e  o f th e  dependent v a r ia b le  a sso ­

c ia te d  w ith  th e  v a r ia n c e  o f  each  o f  th e  two independen t v a r ia b le s .  Both 

o f th e se  term s a r e  p o s i t iv e  s in c e  th e  v a r ia n c e  and th e  computed sq u ares  

o f r e g re s s io n  c o e f f i c i e n t s  can  o n ly  have p o s i t iv e  s ig n s . The t h i r d  term  

on th e  r i g h t  s id e  o f E q uation  I I  i s  th e  v a r ia n c e  o f  th e  dependent v a r ia b le  

a s s o c ia te d  w ith  th e  co v a rian c e  o f  th e  two independen t v a r i a b le s .  T h is  

term  may be p o s i t iv e  o r  n e g a tiv e . A p o s i t iv e  term  in d ic a te s  t h a t  th e  

co v a rian c e  o f  th e  two independen t v a r ia b le s  y ie ld s  a n e t  in c re a s e  in  th e
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v a r ia n c e  o f th e  dependent v a r ia b le .  A n e g a tiv e  term  in d ic a te s  t h a t . t h e  

v a r ia n c e  o f th e  two independent v a r ia b le s  o f f s e t s  each o th e r ,  th u s , 

y ie ld in g  a sm a lle r  v a r ia n c e  in  th e  dependent v a r ia b le  than  would occur 

i f  th e  c o v a rian ce  were z e ro . The f i n a l  term  in  E quation  I I  re p re s e n ts  

th e  v a r ia n c e  o f  th e  dependent v a r ia b le  n o t accounted  f o r  by th e  sum o f 

th e  v a r ia n c e s  and co v a rian c e  o f  th e  two independent v a r ia b le s ;  a p o s i t iv e  

o r  zero  v a lu e  may r e s u l t .

A n a ly sis  o f  C e n tra l A rizona 
D i s t r i c t  P r ic e  V a r ia t io n s

The a n a ly s is  o f  th e  c e n t r a l  A rizona d i s t r i c t  p r ic e  v a r ia t io n s  

i s  broken in to  two sea so n a l a n a ly se s  co rre sp o n d in g  to  th e  f a l l  and 

sp rin g  sh ip p in g  sea so n s . The v a r ia b le s  analyzed  a re :

P -  average  w eekly f . o . b .  c e n t r a l  A rizona d i s t r i c t  p r ic e  

fo r  a c a r to n  c o n ta in in g  two dozen heads o f  l e t t u c e  

-  t o t a l  w eekly q u a n t i ty  o f  l e t t u c e ,  in  thousands o f  c a r to n s ,  

sh ipped  from  th e  c e n t r a l  A rizona d i s t r i c t  

Q2  -  t o t a l  w eekly q u a n t i ty  o f  l e t t u c e ,  in  thousands o f c a r to n s ,  

sh ipped  by a l l  d i s t r i c t s  o th e r  th an  th e  c e n t r a l  A rizona 

d i s t r i c t

e -  e r r o r  term  re p r e s e n t in g - th e  n e t  e f f e c t s  o f  v a r ia b le s  n o t 

e x p l i c i t l y  in c lu d e d  in  th e  a n a ly s is

A n a ly sis  o f  C e n tra l  A rizona D i s t r i c t  
F a l l  Season P r ic e  V a r ia t io n s

T ab le  10 and F ig u re  30 show th e  a n a ly s is  o f th e  f a l l  season  

c e n t r a l  A rizona d i s t r i c t  w eekly p r ic e  v a r i a t io n s  fo r  th e  y e a rs  1948 

th rough  1967. The t o t a l  v a r ia n c e  o f  average  w eekly p r ic e  h as shown
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T a b le  1 0 .  F a l l  S e a s o n  V a r ia n c e 3  o f  C e n t r a l  A r iz o n a  P r i c e  and A l l o c a t i o n
o f  V a r ia n c e  Among L e t t u c e  S h ip m e n ts  fro m  C e n t r a l  A r iz o n a
D i s t r i c t  and A l l  O th e r  D i s t r i c t s .

Y ear

C e n tra l
A rizona

P r ic e

C e n tra l
A rizona

Shipm ents
A ll  O ther 
Shipm ents C ovariance

R2E1 E2 E3 E2, 3

1948 479 2.02 57.17 4 .2 3 .13
1949 285 64.89 13.74 -2 4 .9 6 .19
1950 1,268 - 463.76 283.30 104.63 .67
1951 527 8 .90 151.67 -3 7 .1 1 .23
1952 43 40 .69 31.28 -4 6 .7 0 .58
1953 133 .29 98.83 3.27 .77
1954 658 21.56 54.66 37.34 .17
1955 629 67.99 682.82 -258 .49 .78
1956 724 1.35 610.09 22.91 .88
1957 164 73.09 10.60 -1 5 .1 5 .41
1958 378 2.44 226.54 24.91 .67
1959 1,073 84 .38 271.19 -3 0 .3 8 .30
1960 1,775 38.79 1 ,744 .64 -4 1 8 .0 5 .77
1961 1,091 13.16 2.89 -5 .6 3 .00
1962 628 .23 58.36 . -4 .3 7 .09
1963 1,059 19.75 12.75 1 -1 2 .6 8 .01
1964 1 ,152 440.59 241.20 -4 4 8 .3 1 .20
1965 1,068 145.88 40.35 -4 3 .8 9 .13
1966 2,147 401.80 2 .44 1 .53 .19
1 9 6 7 f 357 .52 5 .98 2.18 .02

a .  V a r ia n c e  i n  (7 .A )^ .
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e r r a t i c  changes from y e a r  to  y e a r . The y e a rs  1959 th rough  1966 a re  

c h a ra c te r iz e d  by ex trem ely  h igh  v a r ia n c e . I n  1966, th e  s ta n d a rd  d ev i­

a t io n  o f  p r ic e  was over 46 p e rc e n t .  T h is  means t h a t  w eek-to-w eek 

changes w ith in  a p lu s  o r  minus 46 p e rc e n t would have been expec ted  to  

in c lu d e  o n ly  abou t tw o - th ird s  o f  th e  p r ic e  changes th a t  o c cu rred . The 

v a r ia n c e  in  p r ic e  a s s o c ia te d  w ith  w eekly shipm ents o r ig in a t in g  from th e  

c e n t r a l  A rizona d i s t r i c t  in d ic a te s  no d is c e r n ib le  t r e n d .  T h is  i s  a lso  

th e  case  fo r  th e  v a r ia n c e  in  p r ic e  a s s o c ia te d  w ith  shipm ents o r ig in a t in g  

from d i s t r i c t s  o th e r  th an  th e  c e n t r a l  A rizona d i s t r i c t .  F or 12 o f  th e  20 

y e a r s ,  th e  e f f e c t  o f th e  c o v a r ia t io n  between sh ipm ents from  th e  c e n t r a l  

A rizona d i s t r i c t  and th o se  o f  a l l  o th e r  d i s t r i c t s  i s  to  red u ce  th e  p r ic e  

v a r ia n c e . The u n ex p la in ed  v a r i a t i o n  in  p r ic e  i s  a h ig h  p ro p o r tio n  o f  th e  

t o t a l  f o r  most o f  th e  y e a r s .  /

A n a ly sis  o f C e n tra l  A rizona D i s t r i c t  
S pring  Season P r ic e  V a r ia t io n s

T ab le  11 and F ig u re  31 show th e  a n a ly s is  o f  th e  s p r in g  season  

c e n t r a l  A rizona d i s t r i c t  w eekly p r ic e  v a r ia t io n s  fo r  th e  y e a rs  1948 

th ro u g h  1967. The t o t a l  v a r ia n c e  o f  p r ic e  fo r  th e  p e r io d  shows no 

d is c e r n ib le  t r e n d . As in  th e  f a l l  season  a n a ly s is ,  a la rg e  p o r t io n  o f  

th e  p r ic e  v a r i a t io n  i s  l e f t  u n ex p la in ed  by th e  v a r ia n c e s  and th e  covar­

ia n c e s  o f  th e  two independen t v a r i a b le s .  F o r 13 o f  th e  20 y e a r s ,  th e  

e f f e c t  o f  th e  co v a rian c e  betw een shipm ents from th e  c e n t r a l  A rizona 

d i s t r i c t  and sh ipm ents from a l l  o th e r  d i s t r i c t s  h as  been to  red u ce  th e  

p r ic e  v a r ia n c e .
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T a b le  1 1 .  S p r in g  S e a s o n  V a r ia n c e 3  o f  C e n t r a l  A r iz o n a  P r i c e  and
A l l o c a t i o n  o f  V a r ia n c e  Among L e t t u c e  S h ip m e n ts  fr o m  C e n t r a l
A r iz o n a  D i s t r i c t  and  A l l  O th e r  D i s t r i c t s .

Y ear

C e n tra l
A rizona

P r ic e

C e n tra l
A rizona

Shipm ents
A ll O ther 
Shipm ents C ovariance

R2
Ei E2 E3 E2, 3

1948 733 313.16 263.76 -3 4 8 .5 5 .31
1949 942 110.10 749.47 -3 5 5 .7 8 .53
1950 545 252.83 55.32 236.53 1.00
1951 278 6 .45 11.18 5 .33 .04
1952 209 1 .04 209.87 -1 6 .5 6 .93
1953 654 30.16 263.58 83.04 .58
1954 1,750 2 ,244 .68 1 ,453 .28 -2 ,5 1 1 .3 5 .68
1955 422 34.25 51.09 24.01 .26
1956 224 115.14 22.95 -5 4 .7 1 .37
1957 1,901 384.28 496.42 -4 9 5 .0 2 .20
1958 1,967 8 .9 0 14.30 -7 .0 5 .01
1959 420 4 .7 2 59.80 -1 5 .0 8 .12
1960 1,739 546.91 224.99 -2 3 1 .2 8 .31
1961 914 33 .54 27.98 24.53 .09
1962 1,097 114.36 36.07 55.69 . .17
1963 1,396 388.92 .13 -7 .6 4 .27
1964 859 ^20.70 60.63 -3 1 .4 5 .06
1965 1,327 .03 112.51 -1 .7 1 .08
1966 819 10.14 21.85 -1 0 .1 6 .03
1967 357 .52 5 .98 2.18 .02

a .  V a r ia n c e  i n  (% A )^.
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A n a ly s is  o f  Yuma D i s t r i c t  P r ic e  V a r ia t io n s  

T a b le  12 and F ig u r e  32 show th e  r e s u l t s  o f  th e  a n a ly s i s  o f  th e  

Yuma d i s t r i c t  w e e k ly  p r i c e  v a r ia t i o n  f o r  th e  y e a r s  19.48 through  1967.

The v a r ia b le s  a n a ly z ed  a re:

P -  average  w eekly f . o . b .  Yuma d i s t r i c t  p r ic e  fo r  a 

c a r to n  c o n ta in in g  two dozen heads o f  l e t t u c e  

-  t o t a l  w eekly q u a n t i ty  o f l e t t u c e ,  in  thousands o f 

c a r to n s ,  sh ipped  from th e  Yuma d i s t r i c t  

Qg -  t o t a l  w eekly q u a n t i ty  o f  l e t t u c e ,  in  thousands o f 

c a r to n s ,  sh ipped  by a l l  d i s t r i c t s  o th e r  th an  th e  

Yuma d i s t r i c t

e -  e r r o r  term  re p re s e n t in g  th e  n e t  e f f e c t s  o f  v a r ia b le s  

n o t e x p l i c i t l y  in c lu d e d  in  th e  a n a ly s is  

F or th e  y e a rs  1948 th ro u g h  1967, w eekly p r ic e  v a r i a t io n s  have ten d ed  to  

in c re a s e .  The v a r ia n c e  o f  th e  Yuma p r ic e  does n o t re a ch  th e  h ig h e r  

le v e l s  o f  th e  c e n t r a l  A rizona p r ic e  v a r ia n c e . The v a r ia n c e  a s s o c ia te d  

w ith  th e  two independen t v a r ia b le s  in d ic a te s  no p a r t i c u l a r  p a t t e r n .  The 

v a r ia n c e s  and co v a rian c e s  o f  th e  independen t v a r ia b le  le a v e  a la rg e  am ount" 

o f  th e  v a r ia n c e  in  p r ic e  u n e x p la in ed . For 12 o f  th e  20 y e a r s ,  th e  e f f e c t  

o f th e  co v a rian c e  betw een sh ipm ents from th e  Yuma d i s t r i c t  and shipm ents 

from a l l  o th e r  d i s t r i c t s  i s  to  red u ce  th e  p r ic e  v a r ia n c e . As compared 

to  th e  a n a ly s is  o f  c e n t r a l  A rizona d i s t r i c t  p r ic e  v a r i a t i o n s ,  th e  v a r ia n c e  

a n a ly s is  o f th e  Yuma d i s t r i c t  p r ic e  v a r i a t io n s  r e s u l te d  in  low er fo r  

m ost o f  th e  y e a rs  an a ly zed .

The a n a ly s is  o f  v a r ia n c e  o f  l e t t u c e  p r ic e s  i l l u s t r a t e s  a f a c t  

w ell-know n to  members o f  th e  in d u s try ,  t h a t  l e t t u c e  p r ic e s  a r e  ex trem ely
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T a b le  1 2 .  S e a s o n a l  V a r ia n c e 2  o f  Y um a, A r iz o n a ,  P r i c e  and A l l o c a t i o n
o f  V a r ia n c e  Among L e t t u c e  S h ip m e n ts  fr o m  t h e  Yuma D i s t r i c t
and  A l l  O th e r  D i s t r i c t s .

Y ear

Yuma,
A rizona

P r ic e

Yuma,
A rizona

Shipm ents
A ll O th er 
Shipm ents C ovariance

R2E1 E2 ■ E3 =2 : 3

1948 543 .84 .06 -0 .0 1 .00
1949 239 .04 41 .52 1.76 .18
1950 625 1.59 39.30 -1 .1 0 .06
1951 195 4 .05 5.38 3.87 .07
1952 781 32.04 21.68 -1 4 .1 1 .05
1953 465 14 .72 14.82 -1 3 .4 7 .04
1954 1,206 26.91 6.45 -1 .5 7 .03
1955 534 16.89 9.55 8 .49 .06
1956 325 3 .64 3 .6 6 - .55 .02
1957 521 12.28 .05 -0 .2 8 .02
1958 737 266.09 6.24 -5 .1 0 .36
1959 333 11.09 54 .32 -5 .5 4 .18
1960 759 /  .55 40 .76 -1 .1 2 .05
1961 640 13.87 48.27 2.11 .10
1962 1,013 .33 297.96 -4 .0 5 .29
1963 1 ,223 . 1 .03 429.76 12.16 .36
1964 872 102.58 228.19 -1 2 5 .9 6 .24
1965 928 295.40 37.59 -2 3 .6 3 .33
1966 953 112.98 1.85 8 .70 .13
1967 973 29.64 54.11 4 .0 8 .09

a .  V a r ia n c e  i n  (7»A)2 .
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v a r ia b le  even from one week to  th e  n e x t .  T here  appear to  be no p a r t i c u l a r  

lo n g -te rm  tre n d s  in  th e  v a r ia n c e  o f  l e t tu c e  p r ic e s  o r  t h e i r  so u rc e s .

1



CHAPTER V I

SUMMARY AND CONCLUSIONS

A h ig h  p ro p o r tio n  o f  com m ercial l e t t u c e  p r o d u c t io n 'in  th e  U n ited  

S ta te s  ta k e s  p la c e  in  th e  f o u r - s t a t e  a re a  o f C a l i f o r n ia ,  A rizona , Texas 

and New M exico. For th e  y e a rs  1948-67, th e  w este rn  l e t t u c e  in d u s try  

has c o n s is te n t ly  accounted  fo r  over 85 p e rc e n t o f  th e  t o t a l  U n ited  S ta te s  

com m ercial l e t t u c e .p ro d u c tio n . L e ttu c e  i s  sh ipped  by th e  w este rn  l e t tu c e  

in d u s try  y ear-ro u n d  w ith  C a l i f o r n ia  as  th e  l a r g e s t  s h ip p e r ,  fo llow ed  by 

A rizona , Texas and New M exico.

I n t e r r e g io n a l  and I n te r te m p o r a l S h i f t s  in  
th e  P r o d u c tio n  o f  L e t tu c e

S h i f t s  in  th e  sea so n a l sh ip p in g  p a t te r n s  o f  th e  m ajor d i s t r i c t s  

in  th e  w e ste rn  l e t t u c e  in d u s try  have o ccu rred  over tim e . These s h i f t s  

become ap p a ren t as one d i s t r i c t  b eg in s  sh ip p in g  e a r l i e r  o r  ex tends i t s  

season  w h ile  a com peting d i s t r i c t  ends i t s  season  e a r l i e r  o r  b eg ins i t s  

sh ip p in g  season  l a t e r .  To an a ly z e  th e s e  s h i f t s ,  a  d e s c r ip t iv e  g ra p h ic  

a n a ly s is  was made o f  each o f  th e  m ajor d i s t r i c t s  fo r  f iv e  d e fin e d  p e rio d s  

S h i f t s  a re  analyzed  as to  th e  d a te  each incom ing d i s t r i c t  su rp a sse s  a  

com peting o u tg o in g  d i s t r i c t  in  w eekly sh ip m en ts.

D uring P e rio d s  Two (1938-42) and T hree  (195 4 -5 9 ), th e  sh ip p in g  * 

season  f o r  th e  c e n t r a l  A rizona  d i s t r i c t  s h i f te d  in to  weeks p re v io u s ly  

occup ied  by th e  S a lin a s -W a ts o n v ille  d i s t r i c t  in  th e  f a l l  and sp r in g  

sea so n s . T h is  outw ard s h i f t  by th e  c e n t r a l  A rizona d i s t r i c t  i s  re v e rse d

1 0 6



107

in  P e rio d  Four (1959-64) and P e rio d  F iv e  (1964-67) w ith  th e  S a lin as-" ' 

W atso n v ille  d i s t r i c t ' s  sh ip p in g  season  s h i f t i n g  in to  weeks occupied  by 

th e  c e n t r a l  A rizona  d i s t r i c t  in  P e rio d  T hree .

A lso in  P e rio d s  Two and T h ree , bo th  th e  Im p e ria l V a lley  d i s t r i c t  

and th e  Yuma d i s t r i c t  s h i f t e d  in to  weeks p re v io u s ly  occupied  by th e  

c e n t r a l  A rizona d i s t r i c t .  T h is  outw ard s h i f t  by th e  Im p e r ia l  V a lley  

d i s t r i c t  and th e  Yuma d i s t r i c t  ceased  in  th e  fo u r th  and f i f t h  p e r io d s .

The so u th e rn  C a l i f o r n ia  d i s t r i c t  has e s ta b l is h e d  a sh ip p in g  

season  th a t  tends to  f i l l  th e  v o id s  between th e  sh ip p in g  season  o f  th e  

c e n t r a l  A rizona d i s t r i c t  and th e  Im p e ria l V a lley  and Yuma d i s t r i c t s .

The sh ip p in g  p a t te r n  o f  th e  Texas d i s t r i c t  e x h ib i t s  no s ig n i f i c a n t  s h i f t s  

fo r  th e  p e r io d s  an a ly zed . I n  P e r io d  T h ree , th e  New Mexico d i s t r i c t  beg in s  

shipm ents o f consequence. The sh ip p in g  season  f o r  th e  New Mexico d i s t r i c t  

encom passes th e  p e rio d  when th e  sh ip p in g  seasons f o r  th e  S a lin a s -W a tso n v ille  

d i s t r i c t  and th e  c e n t r a l  A rizona  d i s t r i c t  a re  c ro s s in g .

A n a ly sis  o f  Demand fo r  A rizona L e ttu c e

The a n a ly s is  o f  demand o f  A rizona  l e t t u c e  was su b d iv id ed  in to  

th e  a n a ly s is  o f  demand o f  c e n t r a l  A rizona  d i s t r i c t  l e t t u c e  and th e  

a n a ly s is  o f  demand fo r  Yuma d i s t r i c t  l e t t u c e .  The b a s ic  p r ic e  and quan­

t i t y  d a ta  w ere o b ta in e d  from th e  F e d e r a l - S ta te  M arket News S e rv ic e  

annual sum m aries. P r ic e  d a ta  used  a re  th e  sim ple  w eekly average o f th e  

d a i ly  quoted  "m ostly" f . o . b .  w eekly p r ic e s  f o r  a c a r to n  c o n ta in in g  two 

dozen heads o f  l e t t u c e .  Shipment d a ta  w ere co n v erted  to  thousands o f 

c a r to n s  p e r  week. P r ic e  d a ta  w ere  d e f la te d  by th e  g ro ss  n a t io n a l  p ro d u c t 

im p l ic i t  p r i c e  d e f l a to r  and shipm ent d a ta  w ere d e f la te d  by p o p u la tio n .
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B ecause o f th e  s in g le  m arket n a tu re  o f  l e t t u c e ,  i t s  p e r is h a ­

b i l i t y  and th e  u se  o f  w eekly d a ta ,  th e  u se  o f s in g le  e q u a tio n  models 

was f e l t  to  be a p p ro p r ia te  f o r  th e  a n a ly s is  o f  l e t tu c e  demand. To ana­

ly z e  th e  demand, v a r io u s  eq u a tio n  forms w ere imposed on th e  d a ta ;  

l in e a r  in  lo g a r ith m s , sem ilog  and l i n e a r . Of th e s e ,  th e  l i n e a r  eq u a tio n s  

r e s u l te d  in  th e  b e s t  f i t  to  th e  d a ta  as  ev idenced  by th e  c o n s is te n t ly  

h ig h e r  v a lu e s  fo r  th e  and low er v a lu e s  f o r  th e  s ta n d a rd  e r r o r  o f th e  

e s t im a te . The d a ta  fo r  each o f  th e  d i s t r i c t s  were analyzed  s e p a ra te ly  

by th e  l e a s t - s q u a r e s  r e g re s s io n  te ch n iq u e  fo r  th e  p e r io d  1948-67 and 

th e  su b p erio d s  1948-58 and 1959-67. A sea so n a l a n a ly s is ,  f a l l  and s p r in g , 

was made w ith  th e  c e n t r a l  A rizona d i s t r i c t  d a ta .

S t a t i s t i c a l l y  s ig n i f i c a n t  r e g re s s io n  c o e f f i c i e n t s  were o b ta in e d  

fo r  a l l  q u a n t i ty  v a r ia b le s  f o r  each tim e p e rio d  an a ly zed . Income was 

s ig n i f i c a n t  o n ly  in  th e  a n a ly s is  o f  su b p erio d s  and sea so n s , b u t had a 

n e g a tiv e  s ig n  fo r  th e  1948-58 su b p erio d  and th e  se a so n a l a n a ly s is  in  

t h a t  su b p e rio d . F or t h i s  su b p e rio d , d a i ly  tru c k  shipm ent d a ta  w ere n o t 

r e p o r te d .  An a d d i t io n a l  a n a ly s is  was made o f th e  1948-58 p e r io d  w ith  

d a ta  a d ju s te d  f o r  n o n rep o rted  tru c k  sh ip m en ts . T here  w ere v e ry  few 

changes in  th e  r e s u l t s .  The im p lied  income e l a s t i c i t y  c o e f f ic ie n t  had 

a  n e g a tiv e  s ig n  as  in  th e  p re v io u s  a n a ly s is  b u t was reduced  in  m agnitude. 

In  g e n e ra l ,  th e  a d ju s te d  c o e f f i c i e n t s  o f  m u l t ip le  d e te rm in a tio n  were too 

low and th e  s ta n d a rd  e r r o r  o f  th e  e s tim a te  to o  h ig h  to  su g g es t much 

p r e d ic t iv e  v a lu e  fo r  th e se  e q u a tio n s .

Annual A n a ly sis

The demand f o r  l e t t u c e  f o r  th e  c e n t r a l  A rizona and Yuma d i s t r i c t s  

i s  an alyzed  fo r  each y e a r ,  1948 th rough  1967. Y e a rly  excess demand cu rves
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a re  p lo t te d  f o r  each d i s t r i c t  f o r  th o se  y e a rs  in  which th e  shipm ent 

v a r ia b le s  fo r  th e  d i s t r i c t  a re  s ig n i f i c a n t .  The r e s u l t in g  excess demand 

curves in d ic a te  a s ig n i f i c a n t  s h i f t  in  th e  y e a r ly  excess demand curve fo r  

each d i s t r i c t .  A r e la t io n s h ip  has been n o ted  betw een th e  d eg ree  o f  s lo p e  

of th e  v a r io u s  cu rves and th e  f o r  th e  s t a t i s t i c a l  e q u a tio n  fo r  th e se

c u rv e s . G en e ra lly  th e  curve  w ith  th e  g r e a te s t  s lo p e  ten d s  to  have th e

—2h ig h e s t  R . T h is  may su g g es t th e  p o s s i b i l i t y  o f r e g re s s io n  b ia s  d is ­

to r t i n g  th e  r e s u l t s  fo r  c e r t a in  y e a r s .

In tr a s e a s o n a l  Demand A n a ly sis

Study o f  th e  c y c l i c a l  sh ip p in g  p a t te r n s  o f  th e  m ajor d i s t r i c t s  

in  th e  w este rn  l e t t u c e  in d u s try  in d ic a te s  th e  a p p l i c a b i l i t y  o f  th e  

concep t o f excess demand. The excess demand model t h a t  h as been formu­

la te d  re p re s e n ts  a  com parative  s t a t i c  a n a ly s is  o f  th e  ex cess demand fa c in g  

a d i s t r i c t  as i t  moves th rough  a sh ip p in g  seaso n .

I t  fo llo w s from th e  ex cess  demand model developed in  C hap ter I I  

th a t  as th e  p o r t io n  o f l e t t u c e  o r ig in a t in g  from a d i s t r i c t  in c re a s e s ,  

th e  excess demand curve  fo r  t h i s  d i s t r i c t  would s h i f t  outw ard and become 

le s s  e l a s t i c .  T h is  s h i f t  may c o n tin u e  u n t i l  th e  d i s t r i c t  i s  acco u n tin g  

fo r  th e  t o t a l  l e t t u c e  sh ip m en ts , a t  which p o in t  th e  excess demand curve  

would in  e f f e c t  be th e  t o t a l  m arket demand curve  and th e  e l a s t i c i t y  

would have d ecreased  u n t i l  i t  was eq u a l to  th e  e l a s t i c i t y  o f  th e  t o t a l  

m arket demand cu rv e . As sh ipm ents from  a  d i s t r i c t  d e c re a se , th e  excess 

demand curve  s h i f t s  to  th e  l e f t  and becomes more e l a s t i c .

The demand f o r  c e n t r a l  A rizona d i s t r i c t  l e t t u c e  and fo r  Yuma 

d i s t r i c t  l e t t u c e  was analyzed  s e p a ra te ly  i n  s e t s  o f  four-w eek and 

two-week tim e p e r io d s .  P r ic e  f l e x i b i l i t y  c o e f f i c i e n t s  a re  e s tim a te d
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when s ig n i f i c a n t  r e g re s s io n  r e s u l t s  w ere o b ta in e d . Excess demand curves 

a re  p lo t te d  fo r  each o f  th e  d i s t r i c t s  when t h e i r  r e s p e c t iv e  shipm ent 

v a r ia b le s  have a s ig n i f i c a n t  c o e f f i c i e n t .  The computed excess demand 

curves and t h e i r  r e s p e c t iv e  p r ic e  f l e x i b i l i t y  c o e f f ic ie n t s  g iv e  s tro n g  

su p p o rt to  th e  fo rm u la ted  excess demand m odel.

An a n a ly s is  was made o f each d i s t r i c t  f o r  th e  1959-67 su b p erio d  

in  s e t s  o f  four-w eek and two-week tim e p e r io d s .  Z ero-one s h i f t  v a r ia b le s  

were in c lu d ed  in  th e  demand model f o r  th o se  y e a rs  in  which s ig n i f i c a n t  

s h i f t s  were judged to  have o c c u rre d . T h is  g e n e ra l ly  r e s u l te d  in  th e  

improvement o f  th e  s ig n if ic a n c e  o f  th e  v a r io u s  r e g re s s io n  c o e f f i c i e n t s ,  

in c re a s e s  in  th e  v a lu e s  o f  th e  R^, d e c rea se s  in  th e  v a lu e s  o f  th e  s tan d ­

a rd  e r r o r  o f  th e  e s t im a te , b u t l i t t l e  o r  no s ig n i f i c a n t  change in  th e  

v a lu e s  o f  th e  r e g re s s io n  c o e f f i c i e n t s .

Weekly P r ic e  V a r ia t io n s

W ith in  any one seaso n , w eekly average l e t t u c e  p r ic e  i s  s u b je c t  

to  extrem e f lu c tu a t io n s .  A p lo t  o f  th e  c e n t r a l  A rizona d i s t r i c t  and th e  

Yuma d i s t r i c t  p r ic e s  f o r  th e  y e a rs  1948-67 in d ic a te s  no c y c l i c a l  p a t te r n s  

o r  re o c c u r r in g  t r e n d s .  A v a r ia n c e  a n a ly s is  o f  w eekly p r ic e s  f o r  each o f  

th e  A rizona d i s t r i c t s  in d ic a te s  t h a t  a  s u b s ta n t ia l  amount o f  p r ic e  v a r i ­

a t io n  cannot be ex p la in ed  by v a r i a t io n s  in  w eekly l e t t u c e  sh ip m en ts . For 

th e  m a jo r i ty  o f  y e a r s ,  th e  e f f e c t  o f  th e  c o v a r ian c e  o f  shipm ents from each 

o f  th e  A rizona d i s t r i c t s  and shipm ents- from a l l  o th e r  d i s t r i c t s  h as been 

to  d e c re a se  th e  p r ic e  v a r i a t io n  o f  each o f th e  A rizona  d i s t r i c t s .



I l l

I n t e r c o r r e l a t i o n  Among Independen t V a ria b le s  

The re g re s s io n  a n a ly s is  o f  th e  c e n t r a l  A rizona d i s t r i c t  and th e  

Yuma d i s t r i c t  l e t t u c e  d a ta  r e s u l te d  in  a h ig h  d eg ree  o f  i n t e r c o r r e la t io n  

between th e  v a r io u s  q u a n t i ty  v a r ia b le s  th a t  w ere used  as independent 

v a r i a b l e s . The r e l a t i v e  s iz e s  o f  th e  p a r t i a l  c o r r e la t io n  c o e f f ic ie n t s  

between th e  v a r io u s  independen t v a r ia b le s  and betw een th e  dependent 

v a r ia b le  and th e  v a r io u s  independen t v a r ia b le s  su g g es t th e  p o s s i b i l i t y  

th a t  th e  s t a t i s t i c a l  r e la t io n s h ip s  in  th e se  a n a ly se s  may be b ia s e d . 

However, i t  i s  f e l t  t h a t  th e  h ig h  d eg ree  o f  i n t e r c o r r e l a t i o n  among th e  

independen t v a r ia b le s  may n o t have s u b s ta n t i a l ly  b ia se d  th e  v a lu e s  o f  

th e  r e g re s s io n  c o e f f i c i e n t s  because  o f  (1 ) th e  s t a b i l i t y  o f  th e  v a r io u s  

r e g re s s io n  c o e f f i c i e n t s  in  th e  a n a ly se s  over d i f f e r in g  tim e p e r io d s ,

(2) th e  h ig h  d eg ree  o f  s ig n if ic a n c e  o f  th e  r e g re s s io n  c o e f f i c i e n t s ,  and

(3) th e  c o m p a t ib i l i ty  o f  th e  s ig n s  o f  th e se  c o e f f ic ie n t s  to  th e  th e o r e t ­

i c a l  e x p e c ta t io n .

Im p lic a t io n s  o f  R e s u lts

The A rizona  l e t t u c e  in d u s try  h as shown i n t e r e s t  in  c o n t r o l l in g  

th e  supply  o f  l e t t u c e  by r e s t r i c t i n g  p ro d u c tio n  th rough  "plow  up" program s. 

The u n d e rly in g  p rem ise  o f  such a program  i s  th a t  th e  demand fo r  l e t t u c e  

fa c in g  a d i s t r i c t  i s  i n e l a s t i c  a t  th e  farm  le v e l  and th a t  by r e s t r i c t i n g  

p ro d u c tio n  o f l e t tu c e  in  t h a t  d i s t r i c t ,  t o t a l  revenue fo r  th e  d i s t r i c t  

can be in c re a s e d .

The r e s u l t s  o f th e  in tr a s e a s o n a l  a n a ly s is  o f  demand f o r  A rizona 

l e t t u c e  in d ic a te  t h a t  th e  ex cess  demand cu rves fa c in g  each o f th e  m ajor 

A rizona d i s t r i c t s  have p r ic e  f l e x i b i l i t y  c o e f f i c i e n t s  o f l e s s  th an  one;
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th u s , a one p e rc e n t change in  th e  q u a n t i ty  o f  l e t t u c e  su p p lie d  by e i t h e r  

o f th e se  d i s t r i c t s  would r e s u l t  in  le s s  th an  one p e rc e n t change in  th e  

p r ic e  o f  l e t t u c e .  T h is  im p lie s  t h a t  any r e s t r i c t i o n  upon supply  o f  

l e t tu c e  by one o f th e  A rizona d i s t r i c t s  would r e s u l t  in  a d e c rea se  in  

t o t a l  revenue from le t t u c e  s a le s  f o r  t h a t  d i s t r i c t .  Because th e  p r ic e  

e l a s t i c i t y  o f demand fa c in g  a p a r t i c u l a r  d i s t r i c t  appears  to  be h ig h e r  

a t  th e  b eg in n in g  and end o f  i t s  sh ip p in g  seaso n , a supp ly  re d u c tio n  

program  a t  th o se  tim es would s u re ly  n o t be d e s i r a b le  fo r  th e  p ro d u cers

in  th a t  d i s t r i c t .
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A p p e n d ix  T a b le  1 .  S u p p le m e n ta l  D a t a .

Y ear

GNP I m p l ic i t  
P r ic e  Index  

1958 = 100

Index o f U nited  
S ta te s  P o p u la tio n  

1958 = 100

P er C a p ita  
D isp o sab le  

Income
(1958 D o lla rs )

1948 78.2 84 .2 1,237
1949 79.7 85.7 1,274
1950 78.3 87 .2 1,340
1951 84.8 88 .6 1,440
1952 86.7 90 .2 1,485
1953 88 .4 91.7 1,571
1954 89.5 93.3 1,582
1955 90 .2 94.9 1,620
1956 92 .6 96.6 1,713
1957 96 .4 98.3 1,785
1958 99 .3 100.0 1,804
1959 101.1 101.7 1,882
1960 102.6 103.8 1,929
1961 104.3 105.6 1 ,942
1962 105.5 107.3 2,041
1963 106.7 108.9 2,103
1964 108.3 110.5 2,214
1965 110.1 112.0 2,325
1966 112.0 113.4 2,525
1967 116.0 115.2 2,667

Source: GNP I m p l ic i t  P r ic e  In dex  was taken  from th e  Survey o f C u rren t
B u s in e ss , U n ited  S ta te s  Departm ent o f  Commerce, O ff ic e  o f  
B usiness Economics, annual p u b l ic a t io n s  1948-67.

Index  o f  U n ited  S ta te s  P o p u la tio n  was tak en  from "Working D ata  
fo r  Demand A n a ly s is ,"  U n ited  S ta te s  D epartm ent o f  A g r ic u ltu re , 
Economic R esearch  S e rv ic e , A p r il  1967.

P er C a p ita  D isp o sab le  Income was tak en  from "Working D ata  fo r  
Demand A n a ly s is ,"  U n ited  S ta te s  D epartm ent o f  A g r ic u ltu re , 
Economic R esearch  S e rv ic e , A p r il  1967.
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Appendix T ab le  2. Average Number o f C artons p e r R a i lc a r  and Truck Van
Shipped by A rizona L e ttu c e  D i s t r i c t s  (1948-67 ).

C e n tra l A rizona D i s t r i c t Yuma, A rizona,
F a l l Season S oring  Season D i s t r i c t

Year R a i lc a r T ruck Van R a ilc a r Truck Van R a i lc a r Truck Van

1948 666 644 670
1949 660 640 662
1950 670 658 668
1951 676 666 702
1952 664 680 714
1953 662 654 664
1954 639 634 630
1955 634 632 633
1956 625 627 631
1957 634 624 627
1958 517 592 634
1959 683 642* 719 663 672 646
1960 670 636 642 636 651 650
1961 670 670 723 718 682 641
1962 740 634 774 639 723 642
1963 759 626 753 635 720 639
1964 751 614 852 630 769 641
1965 843 617 905 623 841 640
1966 866 612 960 807 938 831
1967 1,024 792 1,024 804 1,043 825

a . Truck sh ipm ents w ere n o t re p o r te d  p r io r  to  th e 1958-59
seaso n .

Source: Computed from F e d e r a l - S ta te  M arket News S e rv ic e , U n ited  S ta te s
D epartm ent o f  A g r ic u ltu re , M arketing  C e n tra l and E a s te rn  A rizona 
L e ttu c e , B r ie f  Summary o f  F a l l  and S p ring  Season, annual is s u e s  
1948-67, P hoen ix , A rizo n a , and from F e d e r a l - S ta te  M arket News 
S e rv ic e , U n ited  S ta te s  D epartm ent o f  A g r ic u l tu re , M arketing  
Yuma D i s t r i c t  L e t tu c e , annual is s u e s  1948-67, Yuma, A rizona.
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Appendix T ab le  3 . Y ea rly  E stim a ted  P ro d u c tio n  and A ctual P ro d u c tio n  o f
L e ttu c e , in  Thousands o f C a rto n s , fo r  M ajor A rizona 
D i s t r i c t s  (1948-67 ).

Y ear

C e n tra l A rizona D i s t r i c t  
P ro d u c tio n

Yuma, A rizona , D i s t r i c t  
P ro d u c tio n

A ctual E stim ated D if fe re n c e 6L A ctual E stim ated D iffe re n c e ^

1948 8,796 ' 8 ,180 616' 5,230 4,330 900
1949 8 ,384 7,638 . 746 5,200 4 ,217 983
1950 7,574 5,038 2,536 5,090 4 ,106 984
1951 5,801 8,971 3,170 5,564 4 ,284 1,280
1952 8,225 7,059 1,166 5,494 4 ,241 1,253
1953 8,679 7,789 890 4 ,832 3,721 1,111
1954 8 ,652 7,860 792 1,743 3,048 1,305
1955 9,374 8,425 942 4,969 2,988 1,981
1956 11,780 9 ,902 1,878 4 ,602 3,234 1,368
1957 12,587 9,153 3 ,434 3,712 2,210 1,502
1958 17,085 11,166 5 ,919 3,758 2,037 1,721
1959 18,193 18,127 66 4,349 4 ,137 212
1960 18,744 18,683 61 4,349 4 ,331 18
1961 18,683 18,513 170 4 ,618 4 ,593 25
1962 18,226 18,189 37 6,054 5 ,912 142
1963- 17,180 17,099 81 6,411 6,393 18
1964 15,016 14,916 100 7,939 7,963 24
1965 14,993 14,851 142 7 ,962 7,952 10
1966 14,314 13,945 369 7,563 7,937 374
1967 14,269 13,967 302 6,959 6,931 28

a . D iffe re n c e  a r i s e s  as th e  co m p u ta tional p ro c e ss  a llow s on ly  
f o r  sea so n a l v a r ia t io n s  in  th e  average  number o f  c a r to n s  p e r  r a i l c a r  o r  
tru c k  van and n o t in -s e a s o n a l  v a r i a t i o n s .

Source: Computed from F e d e ra l-S ta te  M arket News S e rv ic e , U n ited  S ta te s
D epartm ent o f A g r ic u ltu re , M arketing  C e n tra l and E a s te rn  A rizona 
L e ttu c e , B r ie f  Summary o f  F a l l  and S p ring  Season, annual is s u e s  
1948-67, P hoen ix , A rizo n a , and from F e d e ra l -S ta te  M arket News 
S e rv ic e , U n ited  S ta te s  D epartm ent o f  A g r ic u ltu re , M arketing  
Yuma D i s t r i c t  L e t tu c e , annual - is su es  1948-67, Yuma, A rizona.
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P e rio d  One Average Weekly C arload  Shipm ents o f  
L e ttu c e , in  Thousands o f C arto n s , f o r  Each M ajor 
W estern L e ttu c e  In d u s try  D i s t r i c t  (1939-42 ).

Week
Number

C e n tra l
A rizona

Yuma,
A rizona

S a lin a s -
W atso n v ille

Im p e ria l
V a lley

W estern
L e ttu c e
In d u s try

i i 498 498
12 541 541
13 640 640
14 1 690 691
15 32 539 571
16 236 ' 3 292 531
17 420 34 103 11 568
18 723 79 15 45 862
19 623 104 1 96 824
20 313 132 191 636
21 166 171 361 698
22 99 163 553 815
23 40 144 662 846
24 13 106 678 797
25 8 98 667 773
26 9 109 678 796
27 39 199 602 840
28 88 246 449 783
29 176 248 317 741
30 279 295 230 804
31 369 321 113 803
32 559 262 57 878
33 721 123 3 10 857
34 709 30 45 784
35 455 . 1 203 . 659
36 197 556 753
37 43 850 893
38 10 1,057 1,067
39 945 945
40 688 688
41 547 547
42 359 "359
43 . 320 320
44 315 315
45 398 398
46 402 402



A p p e n d ix  T a b le  5 .  P e r i o d  Two A v e r a g e  W e e k ly  C a r lo a d  S h ip m e n ts  o f  L e t t u c e ,  i n  T h o u sa n d s  o f  C a r t o n s ,
f o r  E a ch  M a jo r  W e s te r n  L e t t u c e  I n d u s t r y  D i s t r i c t  ( 1 9 5 0 - 5 4 ) .

W estern
Week C e n tra l Yuma, S a lin a s -  Im p e ria l S ou thern  L e ttu c e

Number_________ A rizona_____ A rizona_____ W atso n v ille______ V alley ______ C a l i f o r n ia  Texas_____ In d u s try

11 2 771 162 935
12 54 822 113 989
13 334 568 2 58 962
14 682 4 253 3 6 39 987
15 825 47 87 3 15 25 1,002
16 855 178 38 30 36 38 1,175
17 775 254 6 144 68 60 1,307
18 480 246 2 274 67 83 1,152
19 209 187 411 54 87 948
20 107 164 501 39 127 938
21 58 192 642 35 133 1,060
22 31 222 889 34 150 1,326
23 3 187 790 29 169 1,178
24 1 189 933 16 137 1,276
25 2 158 950 14 92 1,216
26 2 208 1,029 6 56 1,301
27 1 229 1,035 8 36 1,309
28 6 263 889 • 9

9
20 1,187

29 38 330 776 14 1,167
30 130 386 601 26 24 1,167
31 ' 314 411 393 62 34 1,214
32 506 383 166 102 40 1,197
33 860 231 2 47 135 44 1,319
34 879 116 23 14 12 58 1,090
35 838 23 240 2 69 41 1,213
36 623 596 31 19 1,269
37 427 872 34 6 1,339
38 ’ 170 1,161 22 8 1,361
39 56 1,455 22 10 1,543
40 42 1,285 24 4 1,355

118



A p p e n d ix  T a b le  5* (C o n t in u e d )

Week
Number

C e n tra l
A rizona

Yuma,
A rizona

S a lin a s -
W atso n v ille

Im p e ria l
V a lley

Southern
C a l i f o r n ia Texas

W estern
L e ttu c e
In d u s try

41 22 1,274 16 1,312
42 9 1,005 6 1,020
43 6 993 2 1,001
44 6 857 1 864
45 2 794 796
46 885 885

119



37
36
40
56

109
168
364
586
733
627
619
543
424
162
,80
59
26
11

3
4
2
2
5

14
59

P e r io d  T h r e e  A v e r a g e  W e e k ly  C a r lo a d  S h ip m e n ts  o f  L e t t u c e ,  i n  T h o u sa n d s  o f  C a r t o n s ,
f o r  E ach  o f  t h e  M a jo r  W e s te r n  L e t t u c e  I n d u s t r y  D i s t r i c t s  ( 1 9 5 5 - 5 9 ) .

W estern
Yuma, S a lin a s -  Im p e ria l Sou thern  New L e ttu c e

A rizona W atso n v ille_____ V a lley _____ C a l i fo rn ia  Texas Mexico____ In d u s try

155 . 158
148 1 155
272 2 288
262 3 302
313 2 4 2 355
252 2 14 2 310
216 4 4 12 . 3 291
365 4 5 42 4 529
374 2 4 48 6 602
268 2 6 50 19 703

1 254 3 13 38 16 910
8 95 ’ 5 42 31 10 924

12 42 15 43 18 4 761
50 12 63 69 14 827

163 1 139 98 26 970
224 1 271 132 50 1,102
196 355 78 58 849
188 430 90 54 842
174 501 72 57 863
181 625 54 101 987
140 673 17 62 903
128 685 3 77 896

97 660 2 97 860
65 744 3 58 872
84 860 1 54 1,001

122 790 2 29 948
172 679 29 32 926
219 447 136 27 888
257 238 252 14 953 120



A p p e n d ix  T a b le  6 .  ( C o n t i n u e d ) ,

Week
Number

C e n tra l
A rizona

Yuma,
A rizona

S a lin a s -
W atso n v ille

Im p e ria l
V a lley

Southern
C a l i fo rn ia Texas •

New
Mexico

W estern
L e ttu c e
In d u s try

32 417 193 1 94 264 8 977
33 587 118 2 35 175 19 936
34 875 78 4 14 76 . 26 1,073
35 894 44 23 2 71 20 • 1,054
36 953 7 60 54 21 1,095
37 768 216 34 22 3 1,043
38 659 465 40 10 6 1,180
39 440 392 28 4 13 877
40 298 891 24 1 16 .1 ,230
41 201 832 15 14 1,062
42 124 528 9 7 668
43 75 444 7 2 528
44 46 304 4 1 355
45 29 244 4 2 279
46 4 102 3 109

121



A p p e n d ix  T a b le  7 . P e r io d  F o u r  A v e r a g e  W e e k ly  C a r lo a d  S h ip m e n ts  o f  L e t t u c e ,  i n  T h o u sa n d s  o f  C a r t o n s ,
f o r  E a ch  o f  t h e  M a jo r  W e s te r n  L e t t u c e  i n d u s t r y  D i s t r i c t s  ( 1 9 6 0 - 6 4 ) .

Week
Number

C e n tra l
A rizona

Yuma,
A rizona

S a lin a s -
W atso n v ille

Im p e ria l
V a lley

Southern
C a l i fo rn ia Texas

New
Mexico

W estern
L e ttu c e
In d u s try

4 3 205 208
5 18 778 2 3 801
6 92 893 4 9 2 1,000
7 138 1,074 7 76 2 1,297
8 176 1,071 12 138 1 1,398
9 203 888 9 149 4 1,253

10 347 734 1 21 129 9 1,241
11 488 482 4 41 115 29 1,159
12 665 294 6 58 46 30 1,099
13 1,030 199 ' • 4 76 21 17 1,317
14 1,200 20 82 17 101 4 4 1,428
15 1,004 82 23 24 190 1 1 1,325
16 860 197 3 75 229 4 1,368
17 700 301 1 174 172 9 1,357
18 464 329 274 204 25 1,296
19 249 378 419 129 70 1,245
20 101 369 646 51 61 1,228
21 46 349 . 797 48 100 1,340
22 30 387 960 53 114 1,544
23 16 262 850 43 92 1,263
24 4 229 846 10 97 1,186
25 245 1,029 3 118 1,395
26 3 320 1,036 2 105 1,466
27 . 2 318 1,090 6 81 1,497
28 7 245 1,074 17 79 1,422
29 17 278 967 55 79 1,396
30 73 310 789 74 68 1,314
31 158 339 . 490 219 64 1,270
32 253 320 1 304 281 61 1,220 122



A p p e n d ix  T a b le  7 .  ( C o n t in u e d )

Week
Number

C e n tra l
A rizona

Yuma,
A rizona

S a lin a s -
W atso n v ille

Im p e ria l
V a lley

Southern
C a l i fo rn ia Texas

Uew
Mexico

W estern
L e ttu c e
In d u s try

33 563 305 2 148 327 43 1,388
34 1,084 171 5 70 202 19 1,551
35 1,169 70 24 6 220 7 1,496
36 1,026 12 . 66 190 5 1,299
37 977 2 174 159 14 1,326
38 840 450 141 5 1,436
39 732 785 106 2 6 1,631
40 497 976 . 78 12 1,563
41 308 1,079 57 12 1,456
42 312 1,028 34 20 1,394
43 295 1,126 23 4 1,448
44 186 1,094 9 1,289 '
45 50 1,072 ' 7 1,129
46 7 438 1 446

123



A p p e n d ix  T a b le  8 .  P e r io d  F i v e  A v e r a g e  W e e k ly  C a r lo a d  S h ip m e n ts  o f  L e t t u c e ,  i n  T h o u sa n d s  o f  C a r t o n s ,
f o r  E a ch  o f  t h e  M a jo r  W e s te r n  L e t t u c e  I n d u s t r y  D i s t r i c t s  ( 1 9 6 5 - 6 7 ) .

W estern
Week C e n tra l  Yuma, S a lin a s -  Im p e ria l S ou thern  New L e ttu c e

Number A rizona A rizona W atso n v ille_____ V a lley _____ C a l i f o r n ia  Texas Mexico In d u s try

6 1 797 ‘ 5 3 7 813
7 56 1,278 13 43 4 1,394
8 99 1,223 21 84 20 1,447
9 136 1,234 26 119 73 1,588

10 192 1,060 20 156 100 1,528
11 188 907 33 147 154 1,429
12 480 586 52 175 203 1,496
13 931 13 423 55 108 163 1,693
14 1,209 38 185 4 148 80 90 1,750
15 1,091 127 131 8 214 15 15 1,597
16 908 228 .48 95 251 34 2 1,479
17 804 448 16 303 354 57 1,774
18 427 367 ' 3 578 290 53 1,443
19 221 511 682 195 53 1,558
20 63 442 999 58 40 1,285
21 26 567 1,084 63 42 1,697
22 13 446 1,000 70 83 1,696
23 10 372 1,132 37 131 1,550
24 2 314 1,220 4 109 1,561
25 1 300 1,220 3 106 1,630
26 323 1,303 4 75 1,622
27 310 1,252 2 42 1,657
28 268 1,342 1 68 1,589
29 303 1,198 30 80 1,755
30 40 334 1,014 116 66 1,754
31 133 394 600 158 38 1,737
32 273 534 212 347 43 1,797
33 585 471 13 44 . 443 35 1,759
34 821 326 31 1 510 17 1,749
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A p p e n d ix  T a b le  8 .  ( C o n t in u e d )

Week
Number

C e n tra l
A rizona

Yuma,
A rizona

S a lin a s -
W atso n v ille

Im p e ria l
V a lley

Southern
C a l i f o r n ia Texas

New
Mexico

W estern
L e ttu c e
In d u s try

35 941 119 119 333 14 1,527
36 1,176 49 227 187 21 1,660
37 1,110 9 510 147 14 2 1,792
38 9.76 890 168 8 45 2,087
39 528 1,170 97 3 131 1,929
40 202 900 97 275 1,474
41 128 985 61 251 1,425
42 109 998 24 92 1,223
43 227 1,411 32 47 1,717
44 206 1,418 20 6 1,650
45 69 1,432 2 7 1,510
46 7 1,473 3 1,483
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Appendix Table 9. Analysis of Demand of Central Arizona District Lettuce for 1948-67, 1948-58 and 1959-67 Periods 
__________  P - b p t b j Q ^ b ^ t b a ^ + b g H - b ^ + e 8 ____________ —  - -  -  ----------- ----  •

Time
P e r i o d

Dependent
V ariable

teg resslon
Constant

b. b2 S V
Wet Regression C oefficien ts  

O - l  S h i f t  V a r i a b l e s

Adjusted
*2

Spring 
A F a ll

1948-67 2.59 -.000953
(6 .02)

-.001631
(3.60)

-.000594
(3.71)

.002688
(1.18)*

.100

Spring 
A F a ll

1948-58
i : » i

8.39 -.001327
(3 .42)

-.002824
(6.34)

-.001226
(4.43)

-.002745
(3.27)

.214

Spring 
A F a ll

1959-67
} :» }

-1.01 -.001204
(3 .67)

-.002085
(3.29)

-.000904
(4.18)

.002208
(5.63)

.182

F a ll 1948-58
p m

8.34 -.001381
(2 .91)

-.004588
(5.34)

-.001340
(2.18)

-.002571
(3.16) •

.259

Spring 1948-58 8.56 -.001213
(4 .09)

-.002122
(4.10)

-.001013.
(3.26)

-.002966
(4.35)

.182

F a ll 1959-67 -.1 6 -.001708
(3.45)

-.002695
(3.50)

-.001730
(4.90)

.002180
(4.49)

.237

Spring 1959-67 2.00
(M l

-2 .69 -.001220
0 .9 2 )

-.002189
(3.58)

-.000801
(2.63)

.003041
(4.90)

. .224 .

F a ll 1948-58
i : » i

3.62 -.000578
0 .3 3 )

-.003732
(5.45)

-.000333 
( .60)

-.4869 149 
(1.38)

-.3210 150 
(1.09)

-.6680 151 
(2.34)

.8445 152 
(2.70)

-.6858 153 
(2.40)

.593

-1.2432 154 
(4.17)

-.5555 155 
(1.85)

-.9655 156 
(3.18)

-.0047 157 
( .02)

-1.3275 158 
(4.25)

Spring 1948-58
p «i

3.97 -.001310
(3.76)

-.002176
(3.61)

-.000938
(2.61)

.6825 149 
(2.18)

-.3815 150 
( .94)

.0550 151 
( .17)

-.2920 152 
( .84)

-.7734 1)3 
(2.35)

.274

-.8685 154 
(2.71)

-.5082 155 
(1.70)

-.7090 156 
(2.26)

-.9598 137 
(2.96)

-.6690 158 
(1.95)

F a ll •1959-67
}:»]

3.71 -.001785
(5.88)

..003059
(6.55)

-.001828
(3.13)

.6057 160 
(2.64)

.4096 161 
(2.19)

.2637 162 
(1.18)

.6529 163 
(3.09) ' - w i r

.358

1.1097 165 
(4.81)

1.0080 166 
(3.84)

1.1850 167 
(4.34)

Spring 1959-67
i : ” i

2.46 -.001068
(3.02)

-.001736
(2.83)

-.000606
(1.70)

.3561 160 
(1.12)

.1630 161 
( .53)

.7985 162 
(2.29)

.9930 163 
(3.19)

.4112 164 
(1.24)

.385

1.7271 165 
(5.25)

.3927 166 
(1.20)

2.0218 167 
(3.78)

F a ll 1959-67
t :5 i

.14 -.001580
(3.32)

-.002743
(3.92)

-.001556
(4.60)

.001907
(2.99)

.7184 164 
(3.67)

.2322 165 
(1.13)

-.0733 167 
( .26)

.322

Spring 1959-67
|:%l

1.57 -.001413
(4.99)

-.002129
(3.86)

-.000964
(3.49)

.000871
(1.19)

.6800 163" 
(2.85)

1.3162 165 
(4.84)

1.4587 167 
(4.16)

.379

«• F -  C entrel Actions d i s t r i c t  price  for e lse  two dosen head carton

Qj -  Q uantity of le ttu c e  shipped. In thousands o f c a rto n s , fro# ce n tra l Arisons d i s t r i c t

Qj •  Q uantity  of le ttu c e  shipped. In thousands o f ca rto n s , fro# Yuma, Arisons d i s t r i c t

Q3 -  Q uantity of le ttu c e  shipped. In thousands o f ca rto n s , fro# a l l  o th e r d i s t r i c t s

I  -  Doited S ta tes  personal disposable Income per cap ita

T -  Zero-one s h i f t  v a riab les  fo r periods 1948 through 1958 and 1959 through 1967

b . Figures In brackets are  the standard e rro rs

c .  Figures In parentheses are " t"  r a t io

-9Z
T
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Appendix T ab le  10. R eg ress io n  o f C e n tra l A rizona D i s t r i c t  P r ic e  fo r
Four-Week and Two-Week P e rio d s  (1959-67 ).
P » b0 + +  b 2Q2 + bnTn + ea

Weeks

R eg ress io n
C onstan t

bo

N et R eg ress io n  
C o e f f ic ie n ts

bl  b2 P *1 *2 R2

12-15 3 .16 -.001371
(2 .7 5 )b

-.000174
( .2 9 )

2 .01
{ .53}c

900 445 .366

16-19 3:77 -.001849
(3 .5 4 )

-.001474
(2 .8 4 )

1 .82  
{.48}

547 745 .440

30-33 3 .48 -.002043
(3 .6 6 )

-.001056
(2 .5 1 )

1 .89
{.56}

321 1,023 .482

34-37 3 .34 -.001299
(2 .6 3 )

-.001051
(2 .4 1 )

1 .81
{.64}

992 411 .276

38-41 3.38 -.001506
(3 .4 0 )

-.001005
(2 .2 0 )

2.09
{.73}

507 974 .550

42-45 2.20 -.0 0 1 7 6 4
(1 .3 5 )

-.000378
( .8 3 )

2 .23
{.59}

198 1,176 .770

12-13 .76 .000805
(1 .2 5 )

.001410
(2 .0 5 )

2 .27  
{ .38}

762 557 .611

14-15 3 .96 -.002195
(3 .3 8 )

-.000275
( .3 6 )

1 .79  .
.35

1 ,014 352 .707

16-17 4 .6 4 -.002248
(3 .3 7 )

-.002549
(5 .4 7 )

1 .66
{.31}

737 590 .730

18-19 1.88 -.000770
( .7 0 )

.000207
( .2 1 )

1 .98  
{ -53}

346 J 910 .380

31-32 3 .74 -.003299
(3 .5 0 )

-.001010
(1 .7 6 )

2 .02  
{ .59}

250 1,058 .541

33-34 4 .03 -.002384
(5 .2 4 )

-.001300
(3 .7 3 )

1 .51
{•34}

752 689 .640

35-36 3.59 -.0 0 1 4 7 2
(1 .6 1 )

-.000983
(1 .1 3 )

1 .94
{.80}

1,023 335 .047

37-38 4 .17 -.0 0 1 8 5 2
(3 .9 4 )

-.001417
(3 .3 5 )

1 .99
{.49}

891 587 .638

39-40 2.71 -.001221
(1 .7 9 )

-.000475
( .7 4 )

2 .02  
{• 67}

481 1,031 .580

41-42 2.37 -.001029
( .5 7 )

-.000216
( .2 6 )

2.37
{.74}

231 1,064 .757

43-44 2.25 -.002457
(1 .4 8 )

-.000266
( .5 9 )

2 .30
{.54}

210 1,223 .880

i
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a . P -  C e n tra l A rizona d i s t r i c t  p r ic e  f o r  a c a r to n  c o n ta in in g
two dozen heads o f l e t tu c e

Q. -  T o ta l  w eekly q u a n t i ty  o f l e t t u c e ,  in  thousands o f 
c a r to n s ,  sh ip p ed  from th e  c e n t r a l  A rizona d i s t r i c t

Q -  T o ta l  w eekly q u a n t i ty  o f l e t t u c e ,  in  thousands o f
c a r to n s , sh ipped  by a l l  d i s t r i c t s  o th e r  th a n  th e  c e n t r a l  
A rizona d i s t r i c t

T -  Z ero-one s h i f t  v a r ia b le s  f o r  y e a rs  1964, 1965, and 1967 
n f o r  weeks 12-25 and f o r  y e a rs  1963, 1965 and 1967 fo r  

weeks 26-45

b . The f ig u r e  in  p a re n th e se s  i s  th e  " t "  r a t i o .

c . The f ig u r e  in  b ra c k e ts  i s  th e  s ta n d a rd  e r r o r  o f  th e  e s tim a te .

A p p e n d ix  T a b le  1 0 .  ( C o n t in u e d ) .__________________________ __________________________



] Appendix Tai>ie 11* Analysis of Demand of Yuma, Arizona District Lettuce for 1948-67, 1948-58 and 1959-67 Periods

[ ___ '________ P=1 ,o = bl Ql +b2 (32 +1,3 9 3 + V  + bnT» + e a  _____
D e p en d e n t R e g r e s s io n

T im e ‘ 
P e r io d

V a r i a b l e
P

C o n s ta n t

b i b2 b3 b6
S e t  R e g r e s s io n  C o e f f i c i e n t s  

0 - 1  S h i f t  V a r i a b l e s

A d ju s te d  

1 K2

1 9 4 8 -6 7 1 .9 6  . 
[ . 7 6 ] b

3 .3 5  - .0 0 0 9 5 0
( 4 . 7 8 )

- .0 0 0 6 5 5
( 1 . 8 3 )

- .0 0 0 8 0 7
( 4 . 1 1 )

- .0 0 0 2 3 6
( 1 .1 5 ) =

.0 9 3

1 9 4 8 -5 8 2 .0 5
( . 6 8 ]

1 0 .8 8  - .0 0 1 1 7 0
( 3 .4 9 )

- .0 0 2 3 4 1
( 4 .5 9 )

- .0 0 1 4 1 2
( 4 . 4 3 )

- .0 0 4 2 8 6
( 8 .7 1 ) -

.2 9 8

1 9 5 9 -6 7
lies] 1 .7 4  - .0 0 2 0 5 5

( 8 . 5 0 )
- .0 0 2 4 9 5

( 5 .0 3 )
- .0 0 1 5 8 4

( 6 . 7 2 )
.0 0 1 2 8 9
( 3 .6 2 )

.2 9 0

1 9 4 8 -5 8 2 .0 5
( . 6 4 ]

4 .2 2  - .0 0 1 1 7 9
( 3 . 4 4 )

- .0 0 2 1 4 2
( 4 .1 4 )

- .0 0 1 4 8 5
( 4 .4 7 )

.6 3 6 0  14 9  
( 2 .7 6 )

- .2 5 0 3  T50 
( 1 .1 5 )

- .7 3 3 8  T51 
( 3 .2 9 )

- . 0 0 9 9  T52 
(  . 0 4 )

- .7 7 8 4  T53 
( 3 .5 5 )

.3 7 6

- .7 2 4 8  T54 
( 3 .2 4 )

- .5 9 4 0  T55 
( 2 .6 2 )

- 1 .2 3 1 2  T56 -  
( 5 .4 6 )

1 .1 7 3 4  T57 
( 4 .7 5 )

- 1 .2 8 9 7  T58 
( 4 .8 9 )

1 9 5 9 -6 7
( : » ]

3 .8 6  - .0 0 2 0 8 6
( 9 . 3 7 )

- .0 0 2 9 1 6
( 6 . 6 6 )

- .0 0 1 5 0 3
( 6 . 7 3 )

.4 4 1 6  T60 
( 2 .3 9 )

.1 6 8 2  161 
(  .8 9 )

.3 5 0 4  T62 
( 1 .8 8 )

.6 0 5 0  T63 
( 3 .2 9 )

1 .2 2 5 0  T64 
( 6 .6 6 )

.4 8 5

.5 0 1 9  T65 
( 2 .5 9 )

1 .2 8 2 3  T66 
( 6 .7 2 )

.4 0 5 7  T67 
( 2 .0 3 )

'

1 9 5 9 -6 7 l:S r 3 .0 5  - .0 0 2 1 3 4
( 1 0 .1 5 )

- .0 0 2 8 7 4
( 6 .6 6 )

- .0 0 1 5 6 7
( 7 . 6 8 )

.0 0 0 5 8 5
( 1 .7 0 )

I  .2 9 9 4  T63 
( 2 .2 4 )

.8 7 9 3  T64 
( 6 .7 8 )

‘ .8 2 7 7  T66 
( 5 .3 9 )

.4 7 6

a .  P -  Yuma, A r iz o n a  d i s t r i c t  p r i c e  f o r  s i z e  tw o d o z e n  h e a d  c a r t o n

-  Q u a n t i t y  o f  l e t t u c e  s h i p p e d , In  th o u s a n d s  o f  c a r t o n s , fro m  c e n t r a l  A r iz o n a  d i s t r i c t

Q j •  Q u a n t i t y  o f  l e t t u c e  s h ip p e d ,  In  th o u s a n d s  o f  c a r t o n s ,  fro m  Yuma, A r iz o n a  d i s t r i c t

Qg •  Q u a n t i t y  o f  l e t t u c e  s h i p p e d , In  th o u s a n d s  o f  c a r t o n s , fro m  a l l  o t h e r  d i s t r i c t s

X -  U n i te d  S t a t e s  p e r s o n a l  d i s p o s a b l e  Incom e p e r  c a p i t a

T -  Z e ro - o n e  s h i f t  v a r i a b l e s  f o r  p e r i o d s  1948  th ro u g h  1958 an d  1959 . th ro u g h  1967

b .  F ig u r e s  In  b r a c k e t s  a r e  t h e  s t a n d a r d  e r r o r s  

c*  F ig u r e s  I n  p a r e n t h e s e s  a r e  " t "  r a t i o
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Appendix T ab le  12. R eg ress io n  o f  Yuma, A rizona , D i s t r i c t  P r ic e  f o r  
Two-Week and Four-Week P e rio d s  (1959-67 ).

bo + b lQ l **■ ^2^2 + V n  +

R eg ress io n
C onstan t

Net R eg ress io n  
C o e f f ic ie n ts

i 2Weeks bo b x b 2 P
*1 q2

16-19 3 .7 1 -.000657
( ,6 8 ) b

-.001708
(2 .6 9 )

1 .76
{ .59}c

300 1,007 .196

21-24 3 .56  . -.004147
(4 .5 1 )

-.000532
( .7 5 )

2 .11
{•55}

308 1,018 .625

25-28 4 .03 -.003113
(2 .1 6 )

-.001464
(3 .7 9 )

1 .91
{.53}

250 1,112 .549

29-32 4 .5 1 -.002159
(2 .0 8 )

-.002180
(6 .1 6 )

1 .95
{.47}

310 1,042 .629

18-19 2.38 .000143
( .0 7 )

-.000594
( .3 6 )

1 .94
{•72}

344 921 .006

21-22 .50 -.002206
(2 .0 0 )

.001659
(1 .8 9 )

1 .76
{.43}

367 1,038 .622

23-24 4 .8 5 -.004610
(2 .5 3 )

-.001633
(2 .1 0 )

2 .46
{.53}

349 997 .692

25-26 4 .3 2 -.004956
(2 .3 4 )

-.001182
(2 .3 0 )

2.05
{.53}

250 1,089 .544

27-28 3.18 -.000856
( .4 1 )

-.001301
(2 .1 8 )

1.77
{.47}

251 1,134 .634

29-30 3 .98 -.000141
( .0 8 )

-.002147
(5 .4 5 )

1 .90
{.34}

278 1,095 .759

31-32 4 .3 0 -.001530
( .8 5 )

-.002230  
(3 .6 3 )

1 .99
{.59}

341 988 .542

33-34 4 .8 1 -.001309
(1 .5 9 )

-.002759
(7 .2 0 )

1 .53
{•27}

303 1,176 .807

a . P -  Yuma d i s t r i c t  p r ic e  f o r  a c a r to n  c o n ta in in g  two dozen 
heads o f  l e t t u c e

Q -  T o ta l  w eekly q u a n t i ty  o f  l e t t u c e ,  in  thousands o f  
c a r to n s ,  sh ip p ed  by th e  Yuma d i s t r i c t

Q -  T o ta l  w eekly q u a n t i ty  o f  l e t t u c e ,  in  thousands o f  
2 c a r to n s ,  sh ipped  by a l l  d i s t r i c t s  o th e r  th an  th e  Yuma 

d i s t r i c t

Tn -  Z ero -one  s h i f t  v a r ia b le s  f o r  y e a rs  1963, 1964 and 1966.
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Appendix T ab le  12. (C ontinued) .___________________________________________

b . The f ig u r e  in  p a re n th e se s  i s  th e  111" r a t i o .

c . The f ig u r e  in  b ra c k e ts  i s  th e  s ta n d a rd  e r r o r  o f th e  e s t im a te .
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Appendix T ab le  13. P e rc e n t o f  A rizona D i s t r i c t ’ s P ro d u c tio n  Shipped
by T ruck .

C e n tr a l A r izon a
Y ear F a l l Spring Yuma

1948 7 .6 5 .9 16.9
1949 5 .7 10.9 18.6
1950 5 .3 8 .6 18.1
1951 6 .3 11.5 22.7
1952 14.0 10 .0 22.9
1953 10 .1 10.0 22.6
1954 7 .1 11 .2 32 .4
1955 8 .1 11.3 29.4
1956 11.7 18.7 29.5
1957 23.3 26 .4 39.5
1958 24.7 30 .1 45 .5
1959 30.1 30 .6 4 1 .4
1960 29.4 32 .6 46 .6
1961 31 .2 33 .1 45 .6
1962 33 .8 3 9 .4 4 4 .2
1963 35 .0 35 .4 48 .6
1964 42 .1 35 .1 46 .5
1965 4 2 .8 3 9 .2 40 .6
1966 39.5 30.7 4 7 .3
1967 33 .8 35 .4 36.7

Source: Computed from F e d e r a l - S ta te  M arket News S e rv ic e , U n ited  S ta te s
D epartm ent o f A g r ic u l tu re , M arketing  C e n tra l  and E a s te rn  
A rizona L e ttu c e , B r ie f  Summary of F a l l  and S pring  Season , annual 
is s u e s  1948-67, P hoen ix , A rizona.



A p p e n d ix  T a b le  1 4 .  A n a l y s i s  o f  Demand o f  C e n t r a l  A r iz o n a  D i s t r i c t  an d  Yum a, A r iz o n a ,  D i s t r i c t  L e t t u c e
w i t h  D a t a  A d j u s t e d  f o r  N o n r e p o r te d  T r u c k  S h ip m e n t s .

P = bo +  b1Q1 + b2Q2 + b3Q3 + b6I 6 + ea

Season D i s t r i c t

Dependent
V a ria b le

P

R eg ress io n
C o n stan t

bo b l b 2 b3 b6

A djusted

R2

F a l l
and
Spring

C e n tra l
A rizona

2.22
{.70}

6 .98 -.001150
(5 .2 4 )

-.002251
(6 .5 2 )

-.001056
(4 .3 0 )

-.001901
(4 .0 3 )

.210

F a l l C e n tra l 2 .31 7 .00 -.001293 -.003635 -.001194 -.001742 .275
A rizona {.76} (2 .7 0 ) (5 .7 8 ) (1 .9 4 ) (2 .3 8 )

S pring C e n tra l
A rizona

2; 14 
{.62}

7.06 -.001007
(3 .7 3 )

-.001621
(3 .8 7 )

-.000868
(3 .0 3 )

-.002085
(3 .4 3 )

.156

Yuma 2.05
{.68}

9 .57 -.001014
(3 .2 6 )

-.001905
(4 .7 4 )

-.001248
(4 .2 0 )

-.003478
(7 .7 4 )

.280

a . See Appendix T ab le s  9 and 11 f o r  d e f in i t i o n  o f  v a r ia b le s .
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