
T':-c.scritc;. i n  P n r i i a l  Y ~ i l l ' i l l l ; , e l ~ t  01 the. ~?uc;uirc:ucn'Ls 

f o r  t 5 c .  

1)cgree o f  :.ta.:>t..e.r oT Scicrrce. 



. . .  ' . Sr.:iei~cc? Dr\grce e::.;.:l :.:c-.;jor 3.1: l : ; : ~ ~ ~ ~ . ~ l C : i x l T i l  I ; ; C . O I ~ G ! ~ ~ C : ~  ?.ad t i t l e d  

. , fliScc;nc,slic A 1 1 . 2 1  y si s of  1':c s~l;;,-cc:r I;:.; ;!i Spcc in l .  R e f  eraence to 

1ni .er . f  ari:~ Iiei.ij.t ioitc;!i i~rs'' \:'as :*:?P'< c1:.3il i i l  ro!1,~11 draft f r n  by 

. . g i v e n  i)r:lr:: c.nd pr:ri?:is::.Icin T:T;?,!.:i :;r:>.~):r:d t o  prog;r.c. t h e  Einrrl  

a l s o  ~ i v c n  to s c l , u d u l c :  :,he i;:lel e . . ; a . ~ i ~ j . l - ~ i ~ ~ , i o ~  upon s ~ a b m i s s i o n  of 

t w o  f i n a l .  c o p i e s  t o  t h e  G ~ a d ~ ~ r 1 . t ~  S c h 9 o l  O E f i c t ~ :  

, - /.' 

M a j a r  P r o f e s s o r  

Cornmi-Ltcc !.le!nl,ers 

l ? e ~ i e ' ~ ~ c d  by : 

Department  ilead Dzte el/? v/'?/ - 
College Ucan 

--,_ _. -. ----.- . 21 D at e~1/f /7 / -. 
A2proval ?;rantled by a ~ n a j o r i t y  v o t e  of the candidate's Committee? 

at the f i n a l  exe:ninaticn:  

Blajor Professor 

Wevieced by t h e  G r a d u a t e  Council; f i n a l  appr 4-31 and acceptance 4'' 



I:aLp;\ 'i\holnsa s3c?rlztx.lro :.a:< bor%n j.u Lcl.+risl;on, l 6 a h o  

nrld s p e n t  t l l c  f i r s t  ~'c::*.'; 0 ; '  l1.j.h; l i j : t :  i i ,  !:li-irbii~:ton, ! . !as ;~ i l : [<t~n,  

Ilc nttcl~cicr.;. 1~arochl~n.l sr:l;oe;i. crnc: :).ig;li sci~too.l  i n  C1.a~~kst.011, 

Upon gr;:duaticn I:l-oii! 11i6;11 ~ c l l o o l  ; ~ c  c~lr,oi.leil  tti. Zew.i.c;- 

C l a r l i l  iiol.mal. ~ ~ n t i  conlplctcJ his f i r s i  two YC:LTS o f  co1.icge 

a t  tlrjs sc l ;ov l , .  

'L'hc authol-  -Ihc.n ' ira.llsfes-red 60 l;l?e 1Jniver .s i ty  of ~d;l1ioo 

AFtcr  one Scar a t  t.hi.s .inr;L.i-Lut,inn Lc c n t c r c d  t h e  i'eace Corps.  

i i~ l c l  v:as s e n t  L o  Tl~a.,.ilaiid :Cor -t~tro y e n s ,  At,  t h e  2 n d  of  hi.^ 

l-'cacc Corpc; s t?rv icc  iie rci;urncti  $0  t h c  Uni .vcrni t j .  o f  Iittlho 

all6 \bras gr:icl~,:ni;cd w i i h  ii lizcheloj- o.? S c i c ~ l c c  dt?ii;r'ec i n  

Agr icul . turaI .  Cconor!iics ill 1907, 

At 1;his  t i n e  r,lle au!;hor waE: ccll.rc1 f o r  m i  l i ' c a r y  gel-vice 

and sycr l t  1;llc: ~lex"L\l!o y e a r s  i l l  ICcw j e r s e y ,  

Upoil rc leasc  :Cr~;il :.lj-liiarj. s c r v i c c  lie r e t ~ ~ r n e c l  i.o tikc 

Ilnivcrsil;;. o.C I d a h o  .Tor grai1unl.c vrorlr o f  \rrhich tflis tllcsis.  

is tlle rc-suLL, 



zqual1.y i~;~jjo:;:;.i.h le. t,o i.;zrlzc, bcf ollf::i~a?tl , t h c  a a o u n l  of  i ; ~ l i t l n r ~ c c  

o f  the t l : c , ~ ~ . r  il!ilY :)oL I;c ob jcc : t i .vp  e l lough t o  g i v e  c r e d i t  

Lo  ;13.l. t:!lo tlcnc.1-ve it, 7'1i.e nu-kl i i )~ ,  -tlxe?ef o r c  i iouj-d 1 j . l : ~  i o  

thni-11: ail. tl-rc;::;c facul-Ly ir~e;ali.rs 2C; the  i !~~ ive i . s i . by  of  Idc~ i io  

' i ' l ~ c l u  ni-c a c v c r u l  S i r c i l l i g  i~lc~nber:; i n  t h e  above  r;roul) 

; c  '~:!ic: !:.cn:!:bcro c ) f  .I;lic ~ i l t l i n r ' s  g r a d u n t c  c~lil~;iii;tec, 

i)r, i jnj.e Zvcl'scn, d r ,  ?/il.j.iarn 2, i i ' o .1~  c l ~ d  91%. 1;;. I,, I.iiclia:l..son, 

correct,, T l t e  c x j t r c s s l o l i  o f  g r a t i  { ode  f i c s e r v o d  by D r .  ] h i - 1 .  

l,inr;c:l;or~, hc; a u t l i o r  s r i a j o r  proS'c:;sor, cali110t 11e ai lcquztcly 

exprc,~:sctl i n  V J O I . ~ ~ ; ; ,  I:is g;xiilancc a l ~ d  a s s i s t a n c e  was i n v a l u a b l e  

i n  ills lirr_Si>;."'iLI i o n  o f  t h i s  t l l e s i s .  

The a u t l ~ o r ~ s  i r v i f c -  is  a l s o  ileserviilg of s p e c i a l  r e c o g n i t i o n .  

l u ' i t h o u t  h.er I?cr.oevcrance ail6 c o n f i d e i l c c  i n  t h e  a u t h o r  i t  is 

do1:btf u l  t!raL t , h i s  i ; tudy ~.rg~ul.d have b e e n  conlp lc ted  s a t i s f a c t o r i l y .  

East, b11t n o t  l ea s t ,  .the aut .hor  \ i l i s h e s  t o  t h a n k  his 

t y p i s t ,  H r s .  C a r o l y n  Crave  l l . r ,  i c l ~ o s c  s e l f  l e s s  cf f o r t s  hcl.ped 

t h e  au.Lilor t o  1;icei; his p c r s o c a l  - t i n e  schct lu lc ,  



,,x- r-i , , % , T .  I , - .  hi::;i;i~;;llijJt~,.~.~:l~'fi~: . . . . * e e . . . 
f ,S:;Ti~l .Cl ' ,  . 0 . . . . . . . . . . 

1. .[ ~ . , i V r l 3 > ( ; ] - ; ~ ~ ~ r ~ ~ ( ; ~ ~  
A. L \  j. LL,  . . .  e * o , , . . . . o . . .  
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2 ,  I)i:E'I:Cii:i i~i1i:'l. I)CNkC. . . . . . . . . . . . . 
3. ' ! I ,  . . . . . . . . . . . . . . . . 

A. I!1.troci~1ci:ion . - . . . . . . . . . 
13. G e n c r n l .  Stittiis-t i cn l .  i l ~ ~ u r r i j ) t  j.oil&, , 

C. Tl ic  Coljb-!;ougl.ns I-'s.oduct i 0 i 1  i 'lanct i o n  

D. Y h e  A n a l y s i s  o f  i.ianngcmcnt . . . . . 
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U,  Tile !'reduction i i 'unctiolls . . a . . . 
C ,  F i c rg ina l  Value  P rod i l c t s .  . . . . . . 
n o  Tl!c d l a l y r ; i s  o f  1-innagcrncilt . . . . . 

5 , SUt,Ij,I:.:',Y & COliCi.,U;IG??l , . . . . . . . . . . 
I l i  . * . . . . . . . . . . . . . 
iq )2Jjxi-'.!7 
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r 3 T , '  1. .tn,,L1S 

,'I= 3 ,  .cnrce! I;~: .ud~c-i; ion ?'rrn.;-i,ioxis w i . i I ~  Varying 

I n d c p c : ~ d c n t  V a r i a I > l e s  . . , . , . . , . . , . . 
I]:, ilarb;.rinal iT:: 1.1:e t'r~:-Gi.;c'is ;st i r !~a.teci frorr~ tlze 

. . . . . . . . . .  !i:'hree. 1'roiiucti.on I:''cnc'; i o n s .  

IS?', ::ir:nagcr:;c:nt i:i:alg-si ,r;. 71 v;it!= Scvcn Indcpcncient 

. I  tn r ic5 . ica  . . . . . . . . . . . . . . . . . . . .  
I V .  ?.ls:;.a;;cri~crll; :Ir .alyni.s  il: z i t h  Six Independen t  

Var iab le : ;  . . . . . . . . . . . . . . . . . . . . .  
V .  I"rana~;cr!ierit n.nd i tandon Stil.anitard I)evi.at.iona . . .  



b: I:, ;.;'.;'; ( J?.C;~~,'  

r ' l  J.].~c p u r p o ~ ~ s  of ' i h i . s  ?.::r=si.:3 icrr? -:,:roi'o:r';., ? . ' I I ~  S i . r s t .  

02. the:sp \:'as t h e  c s  L j r;!at i 911 of y r o d u c  *i o!: cur!.ci, i o n :  i:or 

ngr icu :  l u l - a l  i ncol.:r: i n  Cust,cr a..rld i z : : ; h  i i :ount i c s ,  1.n this 

p o r t i o n  o f  t!le s?.uc'ry eii!j?h:3~i.1j \r1i:-:; p 1 . n ~ ~ : - i :  o n  t i r c  !;iaxg!;i.na.l -craluo 

. . 
p r o d u c t s  f o r  t h e  in2cperldent i r a r l s b l c s  \;.j.t,h ad.cIerl e ~ ? : ) ~ h o s i s  o n  

t . 1 1 ~  nka~-'gii~iii v r t l ~ ~ c  produc: tr; fo r  -Liie nu.L:lr'al p-esoiIl-cc:s a s c d  il: 

a@ricul tu~.c .  

T h e  CobL-i louglas  for.:il o f  l e a s t  squares I-egi-ession was 

usecl i n  e s  t jmating ttl~c pr'otluc:tioi1 f~ i i i c t i . o i~$ ; ,  

'I'lic. ri larginnl v a l u e  pr'cducls i ~ c l i c 2 t c d  !,hat P o u r  i n p u t ,  

g roups  ear-r~cd good r e t u r ~ k s ,  %'hc:;e v:cre c u r r e n t  opezbatine; 

ex.penses, p u b 1 . i ~  rarlgc oxpcnscs ,  1nachincr.y r?ia.intcn;r~;ce a n d  

dep;.eciation aud l i v c s l o c k  i i ~ v c s t r n e n t  

'i'1:cre were i;wo i n p u t s  t h a t  r~:,i;eaved t o  be s 1 i g h t i . y  

ove r -u t i . 1 i zed .  T h e s e  were l a n d .  aad I .nbor ,  

li'atcr w a s  i ~ i c l u d e d  i n  i l ;~ f u ~ c t i o n  b\:t 1 . h ~  csti~:::aCcs 

of t h e  1-egresr,j.c;n c o c f  f i cj.cni; for.  t h e  .i:aisinb:Le \:ere ci?t 

s i g n i f  i c a n i .  

S u g g e s t e d  adjus!;ll;cnt.s f o r  i n c r e c s i r l g  incor!le were based 

o n  t h e  i nc rease  of  l iver,l ,ocIr invcstmc:~.t,  

T h e  elast; i c i t  y o f  p r o d u c t i o n  f o r  t h t t s e  f u n c t i o n s  was 

equal  t o  one,  

T h c  .~ccorid p u r p s e  of  t . h i s  s t u d y  was t o  o b t a i n  e s t i u ~ a t e s  

o f  t h e  e f f e c t s  o f  m a n a g e ~ ! ~ e n t  o r  ir:l.erfar.m r e l a t i o n s h i p s .  T l l e s e  

csl i rna- lcs  were based o n  t h c  r i : s i d u a l  suiji o f  s q u a r e s  from tllo 

v i  i 



farr!l, ox* l:lafiag-ii~cnt, cfi'cc-i; a ;~d ;I ~.nii;ho!i~ e f f e c t .  Yllcse ~ i ' i ' c c t ~  

p ro~ ; idcd  esti.ri1atc.s of $lie var j .z!~c:au f a r  mal:agc!;lclri; ail:; rcndol:~ 

e f f e c t s ,  

'i'llc st;in(Jayd dc .v i ; : t lon  ctb-l.a.i~;ec:i f.ro.r, e .he  e s t i i n ~ t c d  

v a ~ i a r l c e  f o r  ni;lnngcinent i11Cicai;ctI t i l a % ,  g i~vc~ . l  a12 r?djtis.Led 

meal incozlc of  537 ,250 ,  GGy6 o f  t h c  o h s c r ~ ~ a t ; i . o i i . ~  011 t o t a l  

a d j u s t e d  i n c o n e  viould. 1:nI.l i:1 t h e  szc:;e, $15,550 t o  '; 19,31;0, 

i f  cgual  ii;y o f  .i~?pt,ut;s wcye ass?.r:~~od, 

Using  t h e  s t a n i r a r d  dev:i.ai.i.o:~ f o r  t h c  r i n c ! o n  c l : f c c t s  

i t  was d e t c r i i i i l ~ c d  t h a t  a rn~lchex.  \:i i;h 2.11 ;ivera:;c adju:; tcci 

income o f  9 3.7,250 ccul-cl c:xpcct G C $ ~  o r  ni)l~~:o~:i.!iiuk,e3.y seven 

year=ly  incol .~cs  oiit  of i ;c :n ,  t o  b e  j.n tile rarigc, ($14,0120 t o  

$21,1:?0. 

On t h e  I J S E ~ S  of'  the ;!ial~ngeinclit nnnly:;is i t  :.;as 

rcco~;iaendcd t h a t  r'ancl. r::c.nagcr.s i n  t h e  s t u d y  a lScn  coul.tl e s t i n n t c  

i;hcj.r r:,a~lagc!~rc-nt. a b i l i t y  by carpal--i.n:; t h e i r  ; l t l j ~ ~ s t c . d  gro.c;s 

incol:ic, a v e r a g e d  o v e r  fvilr year:;, 1,;it.h i ;he cst i : ; ia tc  ol^ ir?come 

bastlci on  t h e  nvc rage  i n i j t i t s  f o r  Lhcir rat lch,  If t h e  d j - i ' fc rencc  

b c t v ~ c e n  t h c  n c t u a l  arid tl::! c s t  imal.c:d i . ~ ~ c o l i ~ c ,  taliell  i n  l o g -  

a r i t l l m i c  f orin, approached  o r  escoeclcd t h e  s-Landnl-d clovS.at i o r ~  

f o r  t h e  cf  f  e c t s  o f  rilanageneilt , thc? r.:a;loger -c:?tl l)c! con:;?dc.~:cd 

above or  Lelcw average depending  on w h e t h e r  t h e  d i f f c r c n c c  is 

p o s j t i v c  o r  1ie~;aLi ve. 



l i f e  btas cndzr!gered, 'i 'j~cn a:, ai:::~ ti:11.11c.d t o  ~ 1 ! 1 ~ t i t r ~ ~ . ; . ? .  0 3  t h e  

s o i l  f o r  susi;e~lblice ! ~ e  bctgii~t hi::; nLl ; cn i l ; i  t,o cor: t i 'ol  -Lhc n a t u r a l  

r e s o u r c e s  a r o u n d  l i i r a  and t o  ~: r~- i ;  iiicn t o  u::c. i n  provi.ci i i~[;  for1 

a b e t t e r  l i f e  f o r  r.l;rri. ' lhi:;  p a t t c r i !  o f  \:ia.nt& u s c  01 s c s o u r c e s  

h a s  cor l t i .n r~ed  tc70v:n ' i h i . c i~gh  ti:?(,:,. iCven tocia; 1:at~lr.c sti.11. 

p r o v i d e s  t.liose e lerncl l l .~  b a s i c  -Lo l i f e ,  Consic;er ,  T o r  e m - ~ : r p l c ,  

t he  s o x r c c  o f  Sccc!, v,r;*tcr iind oxyi;o11, ' i ' ! ~ e s c  er.aml,:l.e:; a re  

e i t h e r  c l a s s c d  as I -csources  or dir.cct-3.3 c,ht?.i.ned f r o s ; ~  I - e su~ i r ce s ,  

111 1 .  
I lie u t i  3 i ~ a i j . o n  01 l!al.~:ra!. r e c o u r v c c s  has chi:r~:!;c.r'c 

co11siciern11l.y dew: t h l - o u ~ ; h  t l ~ c  q c ; . ; .  'i'hc f6s:;I-. c u l - i ; i . v n t o r s  

ul;il.ized o n l j  e i l o u g ! ~  l a n d  t o  ])1-ovide t h c  b a s i c  n c e d s  01 t h e  

i n d i v i c l u a l  cirlhiv-a..tor. T h e  1,;-it.l,c:-rl? o f  a t i l l i z a t  i o n  h a s  changed  

t o  the  e x t e n t  t i l n t  n a - l i o n a l  p r i o r i t i e s  now s t r o n g l y  i n f l u e n c e  

r e s o u r c e  u l i  1. i z a t i o n .  

The i n z l u c n c c  o f  n a t l o ~ m . 1  i i l t e r c s t s  o n  t h e  u s e  o f  

r c s o u r c c f j  has appearccl cjniy r e l a t i v e l y  r e c c ~ i t l y ,  Ti le  L 2 g i n n i n g s  

of  t h i s  a l t i t u d e  can bc  t raced  . to t .hc 16 t . h  c e n t u r y ,  which  was 

the beginning o l  i.he ~ n e r c a n t i l i s t  p c r i o d  i n  ccor:omic 11ic;tom.y. 
1. 

'1:o!,cr.t l,c!cnchr~lnn, A lii:; t o r y  o r  i  l dcns  (2;ev; Yorlc: - .-.-- -------.--.-.-.- 
I!al-pcr and  ::ow, 1959) , p, 31, 



T h e  preva i l i .11g  i d c a  wnc t o  proi!~ic? ar; 1nllc11 3.5; p o s s i b l e  fo;. 

2 expor t .  ijir~cc t h e  v ~ e n l t l i  o f  n n a t j o u  1:ias tiic n!;..ou;~t o f  

b u l l i o r ,  o n  h a n d  e\-er.y ee l f - e s t ce i : l i i )~ ;  coun-L~-j. rt~njltctl ;L fav(!~'ab!.~: 

3 
ba.l.nricc of  paylnc11t.s~ iiltllc!ug!l l . a rgc - sca lc  i ; l a r ~ u f a . c t u ~ i n g  

appeared  d u r i n g  t h e  r~ !e rcan t i l i r ; t  ~ ~ c ! r - : i  c!d i;iach of  .ihe n c t i . v i ' i y  

revolvecl : i~+ou!~d p r o r l u c i ; ~  f r o r ; ~  tile a$;ricul.turnI. .  s e c t o r .  'j.'h.e 

importar:t tleirir;.tj.on fl'oin - L : l e  ;;at-t,el-n i n  t h e  r~eci icval .  ages was 

tile ~iiar l ict  p l a c e .  1:n t h c  n~edi .cval  zge  I;l!r :,~ct.rket pl.:xcc vic?.s 

q u i t e  locz.1. i n  i;aturc and gc~ie: .al ly isolated from o l l i c r  rnarlcct:;, 

l jur ing  t, i lc m c r c a n t  i list p e r  i.ocl t h e  m;:r!rct e:-pandud beyond a l l  

bou1):3arj.cs, w h c t h c r  t h e y  l.i7cre c i t y ,  s t a t o  or nai.j.on, 

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

g o v e r n r ~ e n t  b u s i n e s s  : g a s  conilucicti a c c o r d i n g  t o  t h c r n  arid r e s o u r c e s ,  

whethc-,- i n  t i l e  f o r a  . o f  1 )u l i ion  or prod\ l . c i s  o b t a j . n e d  . f~n!: i  t h e  

u s e  of resou.rcz:;, we1.e v e r y  i l . i i>or tan t  i n  a l l  rr~arI;ets, 

k l t l i o u g h  n a t u ~ : a l  ~-c:l;oui.-cc!s ciomitisted t l lc  resource 

".c;ccne" sornc t h o l ~ g l l t  wa:; a l s o  t)ci.ng g i v e n  t o  1iur:ian reaot;rces, 

F o r  exa!npS.e, D i ~ v i d  I:UI:IC s a i d  t.li;it "Ipor men and conrr~ccl i ' i i .~ :~  a r c  

4 
t h c  r e a l  s-Lrengl-.h of  an:/ co~;lrnul~il;g." 1:uman r e s o u r c c s  h a v e  n o t  

d i rn in jshcd i n  i . ~po r .Lancc  since t h e  t ime  of  Iicme. 

A 1 1  o f  t h e  ccononlicall-y dcvcloped c o u n t r i e s  have  been 

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

4 -. i i j i d , ,  p. 59, c i t i n g  1)a.vid Iluine, ' i i r j . t ing  on Lconornics . P 

eci. Eugcnc  liotwcin (Wclsotl, 1955),  p.45. 



' J ;hcir lireserlt s t a t e  o f  tJC:vc:l.o!;:l~c:?i., :Illy ~-i::~::!>~?r (>is ; - ,oxci .blc 

con;llillal;ion:; of hur;lall and !,r:t!lr.a: r:::%or!i-.ct?s r:;!j. Ilavc ~ J ~ C ! J I  u s e d  

t o  rcrLcll  tl-,c llj-c::;cnt j.c\;c.l o f  j . ~  jc;i:i!r~'; ; IIO:.:~?-,;-C.~ the f a c t  

rc;:ia:iiis t h a t .  ycsaurc:!,s, jjcr se , ~c::*c a v e r y  ii.:;yorl,a!lf; &Cl.rL o f  

-i;lic. grov;t:i p r o c e s s ,  

i!e;;ourccs stil.1 plt.ij, ail Sr;!j,;ort:~nt r o l . ~  i.n b o t h  t h e  

d c v ~ l o l j e d  rind 111-~(Jcr davc%ol-led araC!i:.t; o 1 . L I ~ c  I:'OJ-:!.d IIov:cv(>z' t h e  

( I ~ ~ : ~ 3 . i f . y ,  d i c i , r : i l ) ~ i t i o n  2 n d  r.,riiounts !:l:r.:,. v a r y  curir:i-dcri:b!-y f rom 

arca t o  a r e a .  F o r  cxi;n:plc, t h c  d i s t r i b f i t i o n  of ;luii;an r c s o u r c c s  

i n  t l i e  Uaii;c:T S t ; i l i , e ~  i a  co:?sj.dcsul):i;; ~~~~~~~errt : i ' ro~n t h a t  o f  

m o s t  d e v e l o p i n g  a r eas ,  

1.L i.5 this d i f  i 'c .~?encc o f  c l u o ? . i t y ,  d i s t , r i b u l , i o n  3i ld  

amou1,its of r c s o c r c e s .  t l i r l t  f o r c c s  cliTi'er 'cnt approaches t o  t h e  

p r o b l c : . ; ~  c;f E C ~ I : G : ~ ~ . C  ,:l.o\h t;i i . i l  &;.i'lcr::ilC a r c a s .  iiil~crci~s i n  

t h e  1i.S. LY. 'c~~; ; : I~(~ous  C U I ~ C C I ' I I  h a s  1)c:en ; ; e n c r a t e d  i n  t h e  p ~ t i t  few 

y e a r s  o v e r  t h e  i l c p l e - t i o n  o'r p c l . l u l i o n  o f  omL  no.Lurn1 r e s o u r c e s ,  

t h e  n n d c ~ ~ t l c ~ ~ c J . o p e d  natio:i;; a r c  lilore c o r l c e r n c d  a b o u t  ii.i.ili;:ing 

t he i r  r e s o u r c e s  i n  s u c h  a 1i::lLlncr s o  3 5  i o  o b t a i n  t h e  g r e a t e s t  

e c o n o ~ ! l i c  r e t u r c ,  I n  o t l ~ c r  r.~or.ds, !ir;lcricans a r e  I ~ e g i c n i n g  t o  

ac t ivc1 .y  an:iL-yze resources f o r  their e s t h e t i c  v a l u e  a s  w c l i  as  

eco11on.i.c bencf i t s .  Consi!clucnl;ly, we f i n d  t h a t  p c o p l e  a r e  ~ p e n l y  

q u e s t i o n i n ; ;  t h e  v a l u e  o f  a d d i t 5 o n a . l  p r o d u c t i o n  i n  t e r m s  o f  b l u e  

s k y ,  c l e a r  watcx- and s c e n e r y .  Thc Yihi te  C l o u d s  dcbai .e  e n d  t h e  

a n a l y s i s  p r . e s c n t l y  being c o n d u c t e d  o n  t h e  Salmon River .  c a n  be 

c i t e d  3s a r e a s  of  c o n c e ~ ~ i - i  Llmt i n v o l v c  e s t l i e t i c  considerations. 

I d a h o  i s  par t i cu! .n r lg -  cle:!enilent upon  nn-LUI-nl r e s o l u r c e s .  

LIi.ni.ng, 1u1nbc.r : i ~ d  a.;;r i c u l . t u r e  nr-e nr::ong -(;lie riiast, ii;i:,ort.nll-t 



I d n I l o t s  ecclliorl~ic has:: r.csl;s l a r g e l y  011 r G i ; r  r i!n ' ,e~ ' ials  
and rcl>t.ei!  :)rocc;s:::i.~?;; so1:rcrzs of incoi; ic  and out ; :u t ,  i n  

a .  t h i s  rcga:i3.d, f a r j ; ~ j . i ~ ~ r ,  ml.n~.ri:;, s.,.;rc? 11:!iil.)crl;.ng (j:.c:,rc:?ci!tinl,:' 
ra1.q ~ ~ I ? + . L . C > > . ' ~ Z . ~ S )  i ! i : d  X O O < I ~  *,,,'c>o(.: Y : I O ~ L I C ~ S ~  C I I C ? ~ ? I ~ C : ' ~ ~ . ? ~  
(rcprcscl;t . inc; ra1.i-i~;r?ecr.i.r:l:;.i.l ~ ~ ~ o s c s s i i l g )  corllbined c ~ n s t i * L ~ ! f ; c  
a ln r i ; e  j;arccnt;iiv;c 01 t i 1 2  i;~-c;ss o:~Lp;:-i. ~:::,cl value c rea t ed  
i n  i I;1 nd!::ition, fie-L c:;.ports a n d  i n u l . t i p l i c r s  it1.c 
f;enel-~il l .y-  larger ;!I L h c s c  i.i:cii::;try g r o u j ~ s  t1itr11 .Col. r ; ! o ~ t  
o-l!ler . l i . i l t?s o f  i!us.i!.i~s:s, I n  f a c t ,  t l ~ c  viil.:!cs cf t h e  rKull; i-  
p l i . c r s  a;-c ;l so l a r g e  c~rou::;!i t c  s u g g e s t  t h a t  i n c r e a s e s  i n  
f i i ~ a l  o v t l ) u i ,  al;loiir; Lllesc f i v e  .Lip?& I invc  signif ica1.1Z; g r o w t h -  

3 
genc , r r? . l i~ lg  pote :~ t  i a l s  lor 1Jiiixo. 

Of t i le  tllrec c x t r z c t i v r  i n i l u s t r i c ;  a g r i c u l t u r e  i s  t h e  

n~o : , i  ii.~;,o;.-t.a~! L wi2,il o l ) l roxir i !a lc ly  Ip4 54 n ! i l J . j  on  irrorih oJ  g r o s s  

fn r l i l ing  i n  Idaha t i Ian  f o i .  t h e  e n t i r e  n a t i o n .  T h i s  i s ,  i n d e e d ,  

t h e  s i t u a t l o l i  i n  J d n i ~ o  >:it11 a;~;rroxis~~n-Lely 25;: of  t h e  p o p u l a t i o n  

t h e  ~novcl.;cnt 01 p e o i ~ l e  fr*om t h c  rur-a1 c o ~ i l I i . i e s  t o  t!le urhal? 

areas hot11 i l l  and  o u t  o f  t h c  s t i i f c -  I n  f a c t ,  I 'e tcrson a l s o  

580 9. P c t c r s u n  , "Lconoifiic S t r u c t o r c  o f  l d a h o "  ( $ : ~ s c o w ,  
Iilallo: J3urenu ~f B u s i ~ l n s s  and Ec:>nol;~ic Kcsearch! , Heport No. 12, 
J u l y ,  1973, p. 17, 

'11.8. Dcpart~iic:,i ol. Ccci:ncrsc, " S t a t i s t  i c a 1  Bbr;i.rac t of 
t h e  U-S, , 1'370" (31s-1, ed. ; l i a s h i  i - rgtc\~,  9.C. : U.:;. G o v c r ~ ; ~ ~ i ~ - . n t  
P r l n t i j r t  O f f  i c e ,  J u l y ,  157U), p, 17. 



p o i n t s  o u t  t.hal; I d a h o  I.cst 4'); of  i t k ;  ~ri.aidzl:t:; i'vol?r i h e  25--44- 

5) 
a g e  g roup  1)e tween  1950 ailtl 1960, T h i s  out.-rligrra..Ci.orr is f u r t h e r  

c n p l ~ a s i z c c i  b y  t l l c  1964 t l g r i c u l t u r a l  C(;'I;B~-~:Z po~)uLai; i . r j~;  r l i s t r i b t ! t  i011 

10 
dat,a. T h c s e  d a t a  cmpl las izc  t h c  f7.l.c.L t h c t  C:,c?re i.5; r i  d i . c t i n c t  

o u t - n ~ i g r a t i o n  j.11 i l l ( :  1 . o ~ ~ ~  agc i ; roups ,  p a r - L i c i ~ l a r l y  Er- or:^ t h e  

r u r a . 1  c o u n t  i c s .  

1 4 e c h a n i z a l i o l l  oi' f a r m i n g  ai~tl t he  increa.se is1 cconoi i l ics  

of  s i z e  h a v e  been 9 1.1ajo.r f a c t o r  in tile rt jgr.rxtjon f r o h i  r u r a l  

?,o u r b a n  a r e a s .  T o d a y ,  h o w c v c r ,  it s e e c s  p l n u s i b l c ,  t o  e x p e c t  

a n  i n t e l m n . c t  i n n  bei;wccn a d d i t  i .ona l  m e c l l a n i x s t  i o n  a n d  a v a i l a b l e  

l a l ~ o r  s u p p l y .  j's i . l ~ e  o u t - m i g r a t i o n  c o n t i ~ ~ ~ i c s ,  c spcc i . a l3 .y  a ~ i ~ o ~ ~ p ;  

t h e  y o u n g e r  i : ~ c i s t e r s  o f  t h e  1.al1or f o r c e ,  t i ~ c r e  1ilr:y b e  r: l a b o r  

shortz:l;c i n  t h e  r u r a l  areas, 'Iliis coul-d I o r c e  t h e  i'arn!cr. t o  

lnitlre e v e n  g r e a t e r  j .~ :vcs t rncnts  i ~ i  r ~ n c h i n c r j .  t o  con!pensc.ie 1~14 

t l l c  l a c k  o f  3.abor. S h o u l d  this be t i l e  c a s e ,  a11.d j n for,;:ic?l 

i n - i c r v i e w s  v i t l l  n r!u~:~I~cr of ra r l c ! l c r s  i n  C u s t e r  a n d  l,u~r!!ii 

counii.c..-; d i ; r i n g  t h e  suiiliilcr o f  1970 g i v e  SO~:IC c r e d i b i l i t y  t o  

t h i s  p o s e j . b i l i t y ,  t h e r e  w i l l  ljc a c o n t i r l u c d  o u t - m i g r a t i o n  E r o ~ j ~  

t h e  r u r a l  c o u l l ~ i e s ,  

I t  would  ap!pear, t h e n ,  t h a t  w h i l e  n a t u r a l  r e s o u r c e s  

w i l l  c o n t i n u e  to p l a y  an i ~ i ~ p o ~ i i t ~ ~ t  r o l e  i n  t h e  econotsy of 

Idat lo ,  t h e  o v e r a l l  n v n i l a b i l i - l y  o f  hunlan r e s o u r c e s  may c i c c l i n c  

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

9 
P e t e r s o n ,  op. c i t , ,  p. 1. 



nia rkc ta  o f  -L;l!c. i:i(:-l,i:o;,~~; L a )  iIrc;:. 

?*lci l t io i l  h a s  ~ t I . ~ ~ a t i ~  !~ct>n i : l~Zc of t h e  c o n f l i c t  o v e r  t h e  

use o f  na t \ l r ; \ l .  r e s o u r c e ; < , ,  L i n c e  Ida110 h a s  a \!realti1 o f  t h i s  

co~~:~ ; lod i l ,y  much i n t e ~ . c s t  Ira:; hccn  i:octrst.c! oil t!le s t a t c ?  i n  1 -cccn t  

years .  

Idal io  has a good su i )p ly  of' v;.:.a-Lei. ail& i t  l i a s  I~i>t - :n  t h e  

s o u r c e  ol: sol;!e concci-17, 'I'irc ?.rid :;oilth\ct!st;.c;-:~ ?ni.-t ol: t h e  

U n i t e d  S t a t e s  is ra.pi.dl.y appror?cl i ing l;!lc t i ~ r i c  whcn  prc:;eili. 

s o n r c c s  of  w;ii;cr w i l l .  b c  i .nadet luatc  2126 t h c  st,rtt,es i n  thn-L 

r e ~ i o n  l.~sve i)cc11 " c a s - L i i ~ g "  env.i.o~: ... gl.cincc:; - t o ~ ~ a r . r i  Idal io  anti t h e  

o the l l  s t , a t c s  wh ich  a r c  i n  !.llr, T 'aciPlc Northr. ;cst ,  i ; a l . iXor i l i i ~ ,  

f o r  exan tp lc ,  has conccivit i l .  :+evernl, p l a n s  -Lo s : tp i ) le~ci l ' l ;  its 

i ; rcser l t  water sul;j:)J.y illld Iclitllc JIXS 1,ot b c c n  ovcr1oc:icii i i ~  t l ~ c s e  

p l a i ~ a .  Onc s u c h  pln.;l si~:;.<i~sts '-' L I ~ C  t r c t n s r ~ c r t a  t i o n  o f  Gna!<c i i i v c r  

w a t e r  frol!l sou l ; ! l c~*n  1clai:o i n t o  t l i c  Co.l.o~.ado i e i vc r  and ~;v .bsec luen t ly  

i n t o  C a l i f o r i l i a  v i a  t h e  C o l o r a d o  B i v c r .  
1.1 

"ilesc p l a n s  1l:tvz caused I d a h o a n s  t o  b s g i n  a t h o r o u g h  

a n a l y s i s  o f  t h e  s u p p l y  o f  water.  and of  t h e  p o t c n i ; i a l  dcii~rtrrd 

f o r  water. L i n c c  :;outlicrii Idnho  js; qci,uit,e a r i d  much 01 t i l e  

ann1 .y s i s  o f  potential de:i;aild h a s  c c ~ l t c r c d  or) 1 ) o t c n t i a l i y  i r r -  

g a b l e  l a n d  i l i  t h a t  part .  o f  t h c  s t a t c .  

'J.'herc is no c ~ u c s t i o n  a b o u t  t11c i i a p o r t n n c e  o f  t h e  s u p p l y  

o f  resources. Ilo\:.cvcr, c j u i t c  r e c c n t l y  , i n c r - c a s e d  a-Ltcrli:ion h a s  

been  g i v e n  t o  t h e  q u a l i t y  o f  t i t e s c  resources, Trea~e i~c lous  

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

--------- 
"l inivcrr ; i  t y  o f  I d a h o ,  Col.lcf;c o r  . \ g ~ . i c t ! l t u r e  I1Tdnlro 

C) Al;;i ' icultul.al : i c i c ~ l c c "  (i . :oscov~, 1 tln!lo, l.inrch 19G-.!) , 13. 



w a t c r  pol! u t  i o n ,  ,!;ifi.c? T(~P.I :o  is ZICI, ! ~ i : : ~ \ r i j . . ;  i : i :?~!~; i~i : j . l j . :<cd, ,  

a i r  poI . l .u t ion ,  alLllciug11 ;;cl.-i.ous ill i.;vl;;e area.,.; od.' t h e  , s t a t e ,  is 

7 .  th .e  c s c e p t , i o ~ ~  rat,hcr t h a n  i;l,;: r ~ ! i . e ,  t<>.t,cr j )o l l . t tL ion ,  !!o~~;~cvcT', 

is a n o t l i c r  r i r a t t c r ,  Ucsidc?..; tile :ii~ti~,ir-,Lr:i.al l>ol . l  :lt i o n  o f  w n t c r ,  

t11c.t-e is ir.crc.;ir;;in:; concer!-l  over  the r ~ i t r y  o f  z h e ~ ~ i i c a l .  f c r t ; i -  

:,\ l i z c ~ = s ;  i n t o  .stroari;s aiid r ivc . i . s ,  ~.!l i.s I'c>r.t i1ir :er  is c a r r i e d  i n i . 0  

t h c  strcai;~:; above a i d  beS.o\u- t h c  S L I - ~ L I C C .  by v:atc:r t h a t  d r z i n s  

o f f  o f  i r r i ~ a t c d  i l c l d s .  

The i r ! ~ l j l . j . c z t i c ~ s  sk1osJ.d h c  e t i v i o u s  and may be ornir~ous .  

Assurni!!:!; t h a t  p r c s c n t  p r o d u c t j . o n  !nel.liods do no-t c l lcngc t i r a s t i c a l l y  

e a c h  c?.cldit ional  a c r e  o f  i r r i g a t e d  12i1ii w i l l  !:c2d t o  l,he problem o f  

w a t e r  p o l l u t i o n .  : ! c s l , r i c t i o n s  c o u l d  be p l a c c d  o n  t,!-~e urje o f  

S e r t i l j . z c r  t o  reducct o r  e l - : i~ ! i ina tc  l , i l i s  &or:rce c ) f  p o l l u t i o n ,  

]lowc\rc.r: j 11 :,!l, .i 11t(?rim, t l ~ e  p o p u l a t  f.;)?! cc i : t i~xuas  LEI incr i :usc  

wit11 a co l - rc , s j iond ing  i ~ l c r c n s e  i n  t h c  rici:?and f o r  g r e a t e r -  oui ;put  

o f  f o o d s k u f f s  \vi!ich s h o u l d  r c s u l - L  i n  : i l~c l l  ; ~ i g i : c r  f o a d  p r i c e s r  

I.lilcewisc, j.f m e t h o d s  o f  poJ.3.ut i o n  abcz-ternsnt wcr'c t o  be dcvc l o p e d  

t h a t  clicl n o t  a.ri'ec t procluct. i o n  l ~ u t  c  l e a ~ s e r l  t h e  d r a i ~ ~ n g e ,  - t h e r e  

trrould b c  a n  adclcci s o c i a l .  c o s t  f o r  impl .cr i :cnta t ion and o p e r a t i o n .  

111 t!le f i n a l  a n a l . j . s i s  s o c i e t y  w i l l  h a v e  30  d e c i i l c  hot+- such. i t  

is i f i l l . i t l g  t o  pay f o r  p o l - l u t i o n  conl , ro l . ,  

T h e  amount socie . i ;y  is w i l l i n g  t o  pay  f o r  r e s o u r c e  u s e  

o r  n o n u s e ,  \ ~ h c t . h e r  i t  b e  i n  e s t h e t i c  o r  d o l l a r  v a l u e ,  w i l l  

d c t e r m i n c  11017 o u r  r e s o u r c e s  arc u s e d  ; x n d  how much w.i.11. be p u t  

t o  use .  

D i s a g g r c g a t i n g  dovn  t ,o  Llle l o c a l .  l e v e l  ( w h e r e  t h e  l o c a l  

l e v e l  is m e a n t  t o  i t t ~ p l y  a d i s t i n c t  p;uographic a r e a )  t h e  r e l c v a n t  



que:j t ion t o  b e  asked of rck;ourct .  ut,i j.i:.;at.ioli r c l e t c s  i,o tlle 

ec.o~iornic l ~ c ~ i c f k . ( ; s  o f  !,he p i -o sen t  rncLhod of  u t i . l i z a t i o n ,  Xiat. 

a r c  t he  ~ c o o o ~ ~ ! i c  r e t u r . 1 1 ~  :Cl.oifi - the  r e s o u r c e s  a,s t h e y  l i re  110~: 

~ ise r l ?  Iil e s s e n c e ,  t .he  aliswcr t o  t h i s  q u e s t i o n  i s  t h e  b a s i s  o f  

t h i s  tlzcsi:;, Tito C O U I ~ ~ ~ C . ~ ~  CI . IS)LC~ and  i,em]ii, ]lave been. c h r i s c ~ ~  fcar 

a r l n l y s i s  o f  resource use, Thci-c crc a  number o f  r e a a o z s  f o r  

tilt.  s c - t l c c t i on .  o f  t h e s e  t vo  c o u n t i e s ,  

Agr icu l tu . r . e  c2olninaI;es t h e  c?coi~.oiiiy o f  t.11~ stndy i?.imr,c. 

a n d  -i;l;is is i.r:i;iori;a~lt because  agr i .cul . tu1-e  is n p r ime  u se r  o f  

t h e  a v a i l . a b l e  r e s o u r c e s ,  

The s t u d y  a r e a  rca!ics up  a good  p o r t i o n  o:P %l!e Sa.1.mon 

l!iver d i . a inage  bnsi 11. l j r e s e ~ l t , l y ,  t h e  I d a h o  \ later  i t e s o l ~ ~ c e s  

l iescarcl :  I n s  t i i .u te  is e v a l  icat i ng t h c  cos-ls  and  r ~ c n c f  i t s  of' 

l e a v i n g  t l l c  Sa lnoL1 i t i v e r  a s  it is; t h a t  is, i n  n n n t v r a l  frce-  

floliitl; .  s t a t c ,  'i 'llis r e l z ' i e s  d i r e c t l y  t o  a g r i c a l t u r c  hecau.qe 

fiios.1; o f  Lhc wa te r  u s e d  i n  -Lhc s t u d y  a r e a  is a p p l i e d  t o  t h e  

lar~ci. I n  f a c t ,  o v e r  93$4 o f  t i l e  l a n d  t h a t  is  p r e s e n t l y  c r o p p e d  

1 2  
is i r r i g a t e d ,  

I n  addition -La t h e  1G4,800 n c r e s 1 3  ol. l a n d  i n  C u a t c r  

and  Lcm!li Count , i c s  t h a t  arc, p r c s c u t l j  i r r i g a t e d ,  t h e  I d a h o  

Water i l e s o u r c c s  Board  h a s  e s t i m a t e d  t h a t  t h e r e  a r e  a p p - o x i m a t e l y  

380,000 acres1'  of p o t e l z t i a l l y  i r r i g u b l o  l and .  A l though  

12 
li,S, I>r?pclrt;iicnt o f  Commerce, op. c i t ,  , ppo 225-226. 

131 dilllo i i a t r r  i!csoiirce Uoord, I 'o text  i a l l y  I rr igitbJ-e -- 
Laud:; i l l  I c ln l~o  ( U o i s e ,  Id;!lo: Iclaho l i a t c r  i : e source  Uoarcl, ----- -,-* 

J u l y ,  1 9 ; ' 0 ) ,  :jiiml:larjr ~ ! e ] , o r t  Ko. 1, pya 15 P; 25,  



il,ri.p::a i.-.irig Z;hc aLiii i.t i ~ r ~ . ~ l  Lr:~;d v;oa:.c1 i I ( > - i  usc? ail 06 t.11~ avai  1 : ~ i ) l e  

needed 'Lo t i i s . t . r i l ~ u t i :  <,kc vil::.~:.~~r'i' i;c~:l.d p o l l . u i i o n  n l ) t i t c : i l e~~t  c o a t s  

A n o t l ~ c r  i!;ij)usi:,allt r?c~.fi(>l> f o r  t i l e  select i o n  0j.' ti)c:;c! 

l a s ~ d  ar.e:l is c o n t r o l . l c c 1  c i i i lc r  I,y t h c  s t o t c  o r  by t h e  Il(cdel'a.3 

would  s u s ~ 1 c c 2  t l ~ a L ,  ad:. l e z s i . ,  pa:.i; of f;!le p u b l i c  1a.nd v;o\~l.d be  

#-I usr.:ci Pox. sn:;lr.lcr p;t:.i-i,1.!rc. iliis i s r  j.ndceri,  t h e  c a s e ,  T h e r e  are 

I G 
;~ljou"ii., 358 ,(5,C)O a.crc-:; nvaj.lab1.c. lor g r a z i n g  nnd t h i s  r e s u l t s  

n i l inn1  u11it nal!t.h ( d ~ ; : )  i.s dci ' incd  as t h e  amount o f  f u r a g e  

n e c e s s a r y  t o  su ; )pos t  o n c  cow or f i v e  s h e e p  f o r  o n e  month. 
18 

11: ndd i i i c j i i  t o  p ; rne jng  p u b l i c  l . a n d s  a l s o  have other uses .  

TI~esc  u:;cs a r e  p r j ~ ? r : ~ ~ i . l y  r c c r c a t , i o i l a l ,  s u c l i  a s  I ~ u n t  irig aild 

I .  Tr; a c c . i = t a i n  extcrlL t h c s c  u s e s ,  ? a r t i cu l . cu . l y  l l u n t i n g ,  

16 I.!.G. Ilcpzx.trn;l:t o:t' , \ : ;r i .cult .u~-e,  S o i l  C o ~ l s e r v a t i o l l  
Servi .ce,  Eo i . ;c ,  l t l i:ho,  ( ~ ! l ~ ~ l i i i s l - , ~ d  d a t a o  ) 



r - 
? I. , ,:: p x .I; e n  t i i  :f.' cornpetc V J ~  1;ll l i  VCS.LC+,",!T p ? ; ~ z i n : ; ~  !:CJi:C:'i?? I . ' '  

c o n p c t i t ,  j . ~ ~ l  b e t w e e n  l iveat . i ic!r  a.;:Yi \~ri.l.~.!;_.i j :: i.:i t;;.:)~i!l;; i .3 1701; 

, . . . 
vie] 1 ~.:n(,~!n,, I n  a n y  c a s e ,  t h i s  c(;il?:j<>t.ii; : c : ~  .! r, i ~ c y ~ ; . ~ i i  C!le s c a i i e  

of  t h i s  t i l e ~ i s ,  

. . y!;e s t u d y  area  is c ~ l ~ ; o  l:i:o:::~ f o r  I:i,s a i n e r i i l .  iUC::3GUY'CC!Se 

T h e  ',;ihj.te C l o u d s  cc ;n i ro~ . l .u rcy  pro.uj.dcs ail e~z.:!a;jlc c;; t j ;o fcelii;t.;s 

. . 
t h a t  c a n  be nrous :>d :~~;;i;i~s-t iil?.n?.nj:;. A.l.LZ;~!i;;;t an. i n v - e x t i g a t i o n  

01 t h e  o f i ' c c i ; ~  o f  1:lj.!3!'llg j.n i l l < ;  si:.urljr &in2;.. shcs.;!!.d p?'i)Vc t o  1 3 ~  

q u i t e  i n i e r e s ' i i n ; ; ,  Ci i  is li:etliod o f  r e s o : l r c c  L!.L i l . j . za t . io~? .  is &].so 

o u t s i d e  i .he reaim o f  t h i s  l ) a r t , i c u l n r .  arin:l y:;is. 

S o ,  i-1; c a n  Lc s e c n  tha-L t h e  a.gric:uLtui-al  ir!du;-:t;ly- i n  

Cus-Ler a n d  I,eri~lii c o u n t l . c s  mai:.~:; e::tcr?sive us:! of  t h e  I - i a t u r n l  

r e s o u r c e : ;  Irk L h a t  a rea  a n d  as t l l c  p o p u l a . l i ~ n  (110-Lh ~:.or.lC and 

n a i  i o n a l )  :GI~ -L  int:cs ia gi-ot:, i t  j.s C O I ~ C C  . C G ~ J I . ~  t11aL .t,l~ci~e .ii i l 1. 

be adclcd ~~~~~~~~e t o  b r i n g  rnor'e 1;.Llld i n t o  p r o d u c t i o n  i i i ~ d .  

i n t e n s i f y .  t h e  $1-oduc t ion  ncthod:; now :isecl, T l i e r e  1,:rl.y ailsc~ i.)c 

pse:;svres t o  a l l o c a t e  r e s o u r c e s  t o  t h e i r  iriost e c o ~ ~ o ~ l i i c a l l y  

ef f i c i c n t  u s e s ,  

S o  f a r ,  the d i s c u s ~ i o n  11as d e a l t  w i t 1 1  ~ - ~ c s o u r c c : ~  !-:I 

g e n e r a l  t e r m s .  3'hc p u r p o s e  oZ t h i s  t h e s i s  is t o  a n a l y z e ,  

c r i t i c a l l y ,  r e s o u r c e  u s c  as it ripplies t o  a g r i c r r l t u l - c  i n  C u s i c r  

a n d  1,emhi c o u n t i e s .  I n  o r d e r  t o  do  . t h i s  i t  tiill bc ~ l c c c s s a ~ - g  

t o  d e v e l o p  PI -oduc t  i o n  f u l l c t i o n s  f o r  t h e  c t l t  i . r c  s t r ~ c l y  ni-cc~, I n  

t i i c  dcvcl.o:)c:c:nl; o f  t h e s e  f u n c t i o n s  it is c ; s s e ! ~ t i n l  - t h a t  all. 

r e l . cva r l t  ~ I I ~ ) u - ~ s  be i n c l u d e d ,  Y i > c r e l ' o r c ,  a se;'.ies ol' ng:,.ref;i:tc 



prod~:c : t  i u n  f c ; :c  t l o ; ~ s  : . r i  ! i ! ;c  do;-c:fopc.il :Tor Liie :~g:.r.i ctrJ.tur..lI 

:intlu.;L~-y i n  t?:o s ludy arc.'*, 

rl . ~ h e s c  i'uilcILjo:ls \.i.ll be  L!)c : ; O ; I ~ C C  i .hc !  es i i i .~nntcs  03 

t h e  v a l u e  o f  i l a t u r a l  r e sou rce s  n ~ l t l  I l \ i i : ;~n e f f o r t s  v i l l i c i l  p e r i . z i n  

t o  a p - F c ~ I . L i ~ ~ ; e ~  I n  t l iscu;r"lng l i u i ~ t ; i r ~  o c  t j . v i t y ,  t he  n.rialy sis 

w i l l  n o t  1:e rc.si,ric'ied to t!l.;. 1;~111;1* i i l p u t  a l o n e ,  b u t  t i i l l .  a l s o  

ai-ieinp'l,, t o  i:;olai..c t .hc c2'fcc:ts o f  r : i ~ : : ~ n ~ ; e ~ c n I ; ,  

Ia7:ii;il. ill:: e v a i . u a t i o n  of t h e  clel*j.vod esi;ii;!l;tcs o f  i.hc: 

narg.i.na.1 value p r . o d t ~ c L s  t i i c  v a r i o u s  iiii;jlicaticn:; Tor. public 

p o l i c y  will. bc ~;o-i,cd a ~ l d  i;llo poter;tia!. c f  f o c t s  o f  d i f f e r e n t  

dcci:;ions w i l l  h e  clj.scnr;secl, 



A c o ~ i l p l c t c  rcvj.cis of 31.1 si.ric1j.c~ o n  t l l i .  si!al.;~::j5; o f  

m n r ~ i n a l  r e t u r r l s  I-.o r c s o c r c c s  is q L ~ l i t , z  beyond  sr-ropc. 09 

t , l l i s  s t u d y .  T l l e r e i ' o r c ,  i.!iis sccl;i.clr: vS.1 1 c o n s  d c r  , 1)r i : t f ly  

t l l c  Coi~':)-1)ougl.u~ p r o d u c t i c i l  i'i'u:lc~Lio;? a11d. t1lc.n. i-:ollccndul.n-tc on  

si:.~lrl ics t h a t  I?avc a t t c r . l p t c ~ i  tc; :;;cr\sirrc t h e  cian:.t;!;c;:irlzl inj-!ut  

i;l~l.ou~;ll t h c  u s e  oT t i i ~  Col.!!j-Dov.gl.as fu;.rc t i on. 

PI l l i e  h i s t o r y  o f  p r o d u c ' i i o ! ~  i'u1:c t i c j n s ,  i l l  ~ ; c r r c r a i . ,  znG 

t h e  Cobh-Douglns  p r o d u c t j o n  i ' c n c t i o n ,  i n  p a r t i c u l a r ,  c an  b e  

t r a c e d  t h - o u g h  t l ~ c  "Ancr j .cnc  Jour.i;nl o f  Agr icu . l . l ;u rn l  :<c~nomi .cs" ,  

Thc rc  is a rnorc concj.sc? cli.scussi.on o f  t l i e  his-Lo:-y o f  t h e  d c t r e l -  

opmcnt o f  proi!:c-i;ior> I ' ~ ~ n c . L i o i i s  i n  l icady and i , i . l l . o n l s  ii:;r.icultul-al.1. 
I_-- - .-.----- 

1 
I)ror?uct i .on F u n c t  i o n .  ' l ' l ~ c ~ c f  o r e ,  a n y  c x p a n s i v c t  s t a t e n ~ e n t  cri t h c  -------- 

h i s t o r y  o f  p r o d u c t  i o n  f u n c t  i.o;ls wul : i l t l  b c  r e d u n d a n t .  ilovcver , 
it i.s i n t ; e r e s t : i n g  l;o n o t e ,  i n  p a s s i n g ,  t h a t ,  a l t l l o u g h  l!lucil 

work has b c c n  d o n e  o n  t i l e  a 1 , p l i c a t i o n  o f  p r o d u c t , i o n  f u n c t i o ~ l s  

t o  ngr:icult;urc i.n t h e  I ! n i t c d  S t n t c a ,  t . h c  First s u c h  i i p p l . i c a t i o n  

\sns c . i i r r i ed  o u t  by all e c o i ~ o r : l i s t  i n  J apnn ,  
2 

In p e r u s i n g  t!lc l i ' i e r a t n l b e  on  p r o d u c t i o n  s t u i i i e s  t ! l r c e  

d i s t i i x c t  l e v c l s  become n:>yarcr,i;, T h i s  o ~ c t l l o d  o f  a n a l y s i s  is 

b a s c 6  o n  a~;.gre,c;.atioil.  The first. I c v c l  i n c l u d e s  t i l o s e  s t u d i e s  

' g a r 1  0. Ilcnd) a n d  Jollrl L. i l o  i ~ i l  I ' roduci . iol l  
-2, --- - 

1 ~ ' u n c t i o ~ : s  (~!l.cs, To:in: I o i l a  ,;Late ~ ~ ~ i v c r s i t ~ T c : , s ,  15~97, p. 16. -----.- 



exai!:plc, de t e rmi i l a t j . c r ;  o f  t h o  ij l t - i : i  i . i l ! i a ;  f.ov::l o 1  f e l - t i . l i  z n t i o n  

m a y  I J ~  asccr . t , - incd  by nlp!~y;~l?;;' -t:>.r-j.in::; i3.i;;ot:nt:; o f  fc~..t,i3.j..::cr 

I-, j.llc ~c!r,oal:3 !.cvc!. o f  ;: jil!l:i cat, i o n  2ggrega.tcs i,llc iR  p u t s  

u sed  i n  t : ~ c  ;;l1:jsic;i.J. pl*otiut,t ioi: nilalg~si:; over  t h e  Iarm--Cirin. 

Rathcrh -i;l;an coi l ; ; idcr ing oj1:l.y t h e  !"rr-i-,j.lizc.~- apyllictl t o  n giv-cn 

arnout~t cif I.aritl, t h e  t o t a J .  anoul l t  0:; ;Ccr'"iil.i~,c\r a p p l i e d  by t h e .  

firm t o  i t s  c r o p l a n d  I.)ccolric?e a relcv;:nt inpu t , .  Other inputs, 

s u c l ~  as I . abor ,  c r o p  exptrl,sc,r;, ~,a.t ;er,  c t c ,  , a l s o  a re  a l l o v ~ c d  

t o  va ry  ~ : l i l  becorne ir.n ini.c;;:al : ~ i . ~ r ' " i i '  t i l e  t l r 1~3 .y s i s .  C r : iGT~rd  

4 
and Jo l l i - r~on  provide o.n c : i~e l l e l l "L . cx : s i !~p l~  o f  this t y p e  of  

anaiyc;is,  I n  Tcrct , t h i s .  p a r t i c l i l  ar cxa rn~~ le  p r o v i d e d  a ~ , t a r t i n g .  

p o i n i  f o r  t h e  pl-escnt si-,uily, (i-Lher c::aml~les c?,hourid i n  tlic 

v a r i o u s  p u l ~ l j . c : ~ t s . o n s  per.i.:iiniilg t o  the a p p l i c n t i o l i  o f  Economics  

and is ,i '. : ~ c s e  ~ n ~ b l i c a t  ion..;, -Lhe "PLrile;~ii .  J o u r i ~ a l  o f  figr i c u l t u r a l  

li:conomical' prol:~:rb.lg prov:i.c!es t h e  l a r i y c s t  number cjf e>:arnpl.es. 

The  t h j . r d  l ev - e l  c f  a p p l i c n - t . i o n  is on  n r c g i o r x a l  o r  

n a t i o n a l  b a s i s ,  Y l l a t  i s ,  t l i c  i r ~ ; ? u t s  a r e  aggregated over  farras. 

An e x c e l l c c t  csanp1.c o f  t h i s  t y p e  o f  research  is t h e  s t u d y  done  

:I. 
Lawrcncc 11. i?r.adf 01.6 n~l i l  G l e n n  Z. J o h ~ i s o n ,  ;?arm 

-* 

~!ana;.;c?l:iciit :'ilal:;si ..; (I:c\;r Y orlc: J o h n  i d i l cy  Sr S o ~ s  Lnc,  , 1!355) , 
---1 I----.-----. 

pp. .il!5.-).52, 



:> 
cir.;i;~aI :<"tioil. ' I ' l~e a p l ~ r o a c h  u s e d  i n  ?;he ~ I J - C : ; C ~ I  t s t u d y  is 

: s i m i l a r  t o  tl:is l e v e l .  ol: aggregation i n  thrl t  t11c. d e r i v e d  

of  da ta  o ' , s ~ ; L ~ ~ I % c . : ; !  fruoiil a sail;plc ol' Parr~is  o v e r  n  t i t 1 0  coul:t,y amn, 

O n e  iilpui; tha t .  i . ~ j  c;~an-i;icct:irf.y r c l c v a u l  t o  tile sc.cond 

aiid t,l~i.t..d J.cvc3.s 01 ap;~ lS .ca i ; ion  h a s  q:ii te o f  t e n  been zssarncd 

t,o tie a c o a ~ t t ~ i l t ,  p r i ~ ; ~ a r i . l y ,  Sccail:;~. o f  t h e  f s c t  .that it is 

c:rceedillgly I-ic.rd :it omeasure a c c u r r r t e l y  . Thai; i s  t l ~ c  r ~ l s n a g c i ~ e n t  

i ~ l t t j o u g l l  t h e  i m p b r t a n c c  o f  c:ana;,emeni, a:; a f nctoir  o f  

p r o d t r c t i o n  ha;; t ~ e e n  1.ecosxii.zcd f o r  sclile t i n e  t h e  c f f c c t i v c  

{ ~ n n l y s i s  o f  i;llj.s i n p u t  hc~s riot m r t v e d  forvrard a:; r a p i c j l y  a.s the 

nx l a l j r s i s  o f  p r o d u c t i o n  f 1:nct:ions. i r l  ~ 0 1 1 z i d ~ 3 ' i i l g  ]);1s.I a t  i .~ j :~p ts 

G 
I!earjy 1);-ovicics a gooif s t ? ? - - t i n . g  p o i n t ,  Lie e x p l i c i t l y  1 , e f c r r e i i  

n o - i ; i ~ ~ g  i n  i;l:r:t t h e y  prov : ide  a 2oj .n t  o f  r e f e r e n c e  f o r  l a t c r  s t u d i e s .  

File d i  i'1ercnce bc twee i i  -L!le i n c l i v i d u a l  f arm1 s ac-l.ual 
r e t u r n  aild that;  e:;pcctcd o n  tiie b a s i s  o f  r n t c s  en r r i c a    ti ti^- 
in t h e  in t ius - t ry  r c f l c c - t s  rc ' tu r ; l s  t o  riianagr~:icnt r ;~orc 
a c c u r a t e l y  "ih~:il a r e s i d u a l  p q o f i l  computed f r o i ; ~  rna.rlcet 
r a t e s  o n  r e s o u r c e s  employed. 

5 
V c r i ~ o n  \;. i ? u t t c n ,  T h e  Tcor:oriij c I!e~i:ind f o r  Irl-i::aLcd ----- ..-- 

X c r e a ~ , r  (::all;i.i:iorc, ; b i d .  : T1:e J a i l : ~  i lop1rj .n~ C'1-css, l sm-F . , - i ' L  

C> 
i!',ill~':. ( j ,  j;i.ady , l l f . ' r o c j u c t i o j ~  i7ufic.t i o n s  f rnro n itando!;l ::ia!:l;?lc 

of  ~ P Z ~ - ~ ; ~ E ~  1 o i c 23:  1005 n. 9, ~ O V ,  , 3.5'46. 
4 - . - - - - - - - -  ------.- ' 



n f i d j , t i o n a : l  l .y ,  lie n o k s  t h a t  " a  ~?ci?ccnta{$c cli i ' fercncc: ,  ighj.J.e ~ 0 . t  

n . l ; t r i [ )u t j .ng  a. s p c c i f ' j . c  c?i;!~,illi.l; ~: inna~cr : !c l l t ,  IUGX be  C t V c l l  

,zccurat,c? j.11 i n d i ~ n t , i . n g  t h e  c x t c n t  t o  :;:l-l:i.ch r:~zn;:gcn~c~i& i . ~  r?bove 

,, S 
o r .  bclo:.: a v c r a z e ,  

rl 
111e r e s i d u a l .  pr:)Iji, i Z e n  is 11ot l ) ing !nore tiirzr, b a d g e t  

:uialysi.>-;, S i n c e  t h e  ori ly r a t e  o f  ri?-l;rrr.n t l l n t  is ui~!rr!ovi!~ is - t h a t  

a c c o r d c t l  t n  Snbol- a;tcl i:~ar~.np;e~iien-L,  is Lyllc of ay:):-canch C O U ~ ~ !  

3.ead t o  i i;ef f i c i c n t .  a l l o c a t i o n  01 r e s o t i r c c s  tlli-ocg!l t i l e  ass~. t i i~~;- t : ion 

1;hct-L each r e s o u r c e ,  o t l ler .  t h a n  l a b o r  o r  manngcncn' i ,  is e a i - n i n ~  a 

n a r l r c t  r a t e  o f  rr?t;ul-r:, 'I'liis i:lny be t r u e  i n  sor::t. ins tzncc : ; ,  b u t  it 

is a l s o  p o s s i b l e  t h a t  some o r  a l .1  o f  t h e  aru e a r n i l - ~ g  

inorc o r  l e s s  t h a n  t l lc  t!inr!cet r a t e ,  I f  a p a r t i c u l a r  r e s o u r c e  

is a s s u ~ n e d  t o  be  c a l - n j n g  r lorc  th9 .n  it a c t u i l l l . ~ :  earn:;, t h e  

cs-Lialatet l  r c t ~ . u - n s  t o  1 a b o r  a11t1 nann;yct:lcn-l. v ~ i  11 be b i a s e d  c:,ov;n!~o.r.cl, 

'Yhc r c v e r s e  s i t u a t i o n  is a l s o  ~ ) o ~ ; s i b J . e ,  

Arlother  probl-cm is t h a t  s i n c e  l a i l o r  a n d  ~nnnngcinent a r e  

o f t e r i  curnbincd i n  b u d g e t  a n a l y s e s  t h e  r c t u r r l  t o  rnanagc~ncilt 

d e p e n d s  1Il)fijI t h e  wage r a t e  t.he o p e r a t o r  f e e l s  h i s  l a b o r  is 

\ ~ ~ r t h .  

C i v c n  t l l e s c  \ ~ ~ e n ! i n c s s e s ,  j.t would  sccn! t o  b e  n l a l o s t  

j . rnposs ible  t o  d c r i v c  a n  a c c u r a t e  cs t in :a- t ;e  of  t h e  1-ct1.1rn t o  

~nanagoi~le l l t  t l l r o u g h  b u d g e t  a n a l y  sea ,  

f leady ' s two s u g g e s t  i o n s  c o n s t i t u t e  a p r o g r e s s i o n  

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

'I'llis s t u d y  \:.ill a t t e m p t  t o  c o ~ l t i n u c  t h i s  progression by 



.A.tteinj)t~ t o  er  t i i ~ ; ~ . i . : ?  ~: i , ;~i:  i.s.L.i.c;?3.1S ;.he r e t u r n  t o  

~rrrpublis!led d i s s c r t n t i o n  t h a t  c?ni;urcd ~nnno;:;;e::!eni; a s  .=ri e x p l i c i t  

v a r i a b l e  i l l  ri l ) r oduc t . i on  f~?r :c t j .ur ,  e s t  ir.ii:tion s t u d y  a::? f o u n d  

t h a t  t l i e  r e s u ' l . t i n g  c6bei'ficiclrt :For t;;ana~;;c~i~ent was i n s i ~ n i i i c a n i  

9 
a t  t h e  576 I.cvc3.. 

Tlrc  s e c o n d  sLudy t c  be c o ~ l s i d e r e d  i6;t.s made by l.lun.dlali, 
10 

I!e es t i~ : l a tcs  a Cobli-Do~iglas prodt icLion f u i l c t i o r i  f o r  a group  o f  

r.~nnag:celc?nt c x p l i c i l ;  !le asi:urnes t-.hat t l i e r c  a rc  c o n s t a . n t  r e t u r n s  

t o  scn1.e. S i n c e  tikc s::r:1 of: t h c  rcgi-css ion coefficients, b 
i ' 

e q u a l s  'ilic c 1 a s t i c i l ; y  o f  pr-oclr~cLS.on c o n s t n n t  r e t u l - , n s  t o  s c a l e  

p r e v a i l  vihen the  s u ~ :  c ( ; u a l s  orit'. T J ~ c ~ ~ E o Y c ,  t ! ~ c  C i i I S c ~ e r ~ c r f ,  

1 - E b .  , j.s t h c  rna.nn;;cri~en-t ef f e e t .  A s  . I .o ;~ t ;  as the auin o f  t h e  
1 

c o e f i ' i c i c r ~ t s  i s  Lcss i,:~an o ~ i c  'Ll!cr-e is no pl'ol~J.cm Xld. tfic 

coeff icic.::ts o l ~ t a  iiled. i n  t h i s  p a r t i c u l a r  s t u d y  njet i . l : i s  c r i t c l* ic l l ,  

I Iowcve r ,  h e  clocs n o t  c o n s i d c r  t h c  g o c s i ' r ~ i l i - t y  t h a t  t h o  S I J ~ ; I  nig1:rt 

be e q u a l  t o  oi* L;rcntcr t h a n  one .  

9 , .  15a r l  0 ,  i Ieady,  C l c ~ ; n  L ,  Jo l inson  and  1,ov:elL S ,  i f a r d i n  
( d d s . )  , itcsour-ce P r o i i ~ c . t i v i t y ,  i!cti!rns Lo k a l e  , ) - ~ d  r,':~~-;i) Lj.z2 --.-- -.----- - --.-- Li--2 . - .  
(Ames, 1:owa: Tlre l.ol;a S t a t e  Col ic i ;e  k'ress, 1551j), 1). lL7, i 7 .  .!i). 

joy a i r  i*!undinii,  "P roduc t  i o n  Piirlc t i on ipi.ce o f  1,in:lagealeni 
?!iasl' , ,j our i i ; . l  o f  !I'~??:ii t : c~~lo l i? i .c : :~  4;; :44-56, 3'c;~rx:ary 3.961. 

--a,*-- ----..-- 3 
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T l 1 ~  ( ; ~ ~ e f . ~ j ! l : r ~ i l . L  sf ;: ~f.i;!:(\il~l.ci;~. wi. t l~ t i h i ~ l l  1:o analyze.  

a, ~ ~ o ~ ) ] . c E L  f ~ l I . c ~ , ~ - : ;  ccrt.,q.irL lo:~;ic::il st~;p:;. 

O~icc  ti-le o b ; j o ~ i : i ~ . ~ ; ;  11);rv~; been esLn?).l.is:led two  d c c i s i o r l s  

musi; bc ~ n r t c : ~ ,  '211est: t ' i ~ c i ~ i o : . , ~  c o n c e r n  t h e  s c i e c t i o i - r  01 ail 

a p p r o p r i . ~ C e  cstimat-i  !:g I ' unc t io r r  n : ~ ?  tlrc :?ati?. nced.cd i n  fu l . f i l1 i .n ; ;  

t h e  o h j c c i i v c s ,  

If tbc! p~.-i.l!:ary o1~jecti.v:: \:.cl.e t o  o b t a i n  a n  e s t i m a t i n g  

e q u a t i o n  .i.;?at prcvir ic t - i ,  a s  nccvl.;iLely a:; p o s s i b l e ,  c s t i n ~ a t c s  

c,!, o u t p u t ,  t ! ~ c n  it ;ro~;li!. b e  r;oczssary 'iu proc?.~lce s e v c r a l  

d i f 1 c r e n ' i  c s - t i n ~ x t ; i n g  cclilnii.or;r_: i i l  i i i -dc~.  t o  detcx*minc t h e  i n ~ : i t  

nccur-at ,c  f  ~!!li i: ior io  :L~t.( . :~.~c.r ,  t.li; !I; ]:L'OCCSE h a s  t e e n  I . ' C Y C ~ : ~ ; C ( ~  here. 

1 i; was c3cc i (!ec! -t.!lai:, 18;; ve!l t.lic oh  j e c  t i v e s ,  tl:c Cobb.-.lloug;las typq; 

o f  I ~ ~ l l ~ t i i ~ i - :  i,iould lil-o:3!~cc! adc~q.uai;c. r e s u l t s ,  b e s i d e s  al.lolc.i.r~g 

the  I'.n;;r;;i?saerr i:le-i;i?oi? o f  Kla!tiii;eI.~~ilt ; - ? I I & ~ ) - H ~ . G  t o  be tiscd.. 

Oiicc t h e  es t i r .~ai ; . i .n ; ;  f u n c t j . o n  was cilriserl t h e  datn \:ere 

[;rou.l;c.cl accortlilsg t o  t ,hc stat i h t  i c a l  r ~ e t ~ u i r . e n ? c n ~ i ; s ,  

r-  his ci lnptcr  1 i i L 1  prcscnl; tile SoJ-lo~::i11g i n . f o r . r ~ ~ a t i o ~ ~ ,  

li'i.1-st, t'i~crc: r-i.ll be  n discu~: ; l ion  o f  !'.he s t a t i s t i c a l .  requirenel; t . : ;  

f o r  any lir:car es t i i :~ ; i t , in{;  ~ q t ! ; ~ t : i ~ i l ,  S i n c e  t h e  Cobl~- i )o~ i~! ; l a s  

f u n c t j - o n  j.s I.i~ir:al' \:'I)LcII ~ s ' ; L ~ I s I ' o ~ I ! I c C  i n t o  ! . o ~ ; a r i t h r . ~ s ,  it is 

n c c e s s n r y  t o  co!l,r;i.cicr .i;iic,<c p;c~~c:~-:,kl r c q ~ ; i r c r i l c i ~ t . s .  S e c o n d l y ,  

t! ic  Cokb-l)ou~;l :~s 1urlc;t.ion v i l i  I ) c  i l t ~ s c r i b o t l .  I t s  aclval~t;a:;es 

1.8 



v:i t l~ t;lio:;i? . i n p u t s  v:- i ich ; i r e  i ~ ! i j : ~ o r ~ t n ; ~ l  -Lo -tlie psoduc:t i .on r o c c s s .  

'l'hc r a t i o n r ? . l c  b2iii:lti l;lrc! ;sc:Lccl.j.o,: c i f  i115uC.~; n.)~:?. t l i c  g1-ouping 

o f  i n p u t s  will. b e  ~)rc-cer?tcd Isore, 

I n  ccono:octr.i.c viorii several di . f l : c rcn t  ~ . i ; i t l l c ~ ~ ~ a t i c a l  

c q u a - t i o n s  e:i.i.sL \.i!lich ;n2y be usecl i r ;  the  est , i l : iat ; ion oL" 1j.rlcn1. 

r ;l p r o d u c t i ; ) ! ~  f u i ~ e t i o i l s .  ~.lrcx.cJoi.c! j.11 any  g i v c n  :;il!lati.o!l o n e  u r  

nlore c q u a t i o n r ;  may ~ ~ r o ~ r i d e  a ruitr:l:l.e n p i ~ r o ~ i i n ~ t i o ~ :  -Lo t h e  

a c t u a l  !~rr:,di:c-t.ion I u ~ i c t i o n .  I n  z::.encr'al., .ties(: e s t i c ! u t i n i ;  

ey,uatioil:; a r c  11ormnPly e x p e c t c c l  t o  c o n f o ~ r r l  t o  a s e t  of s t a t i s - L i . c a l  

r c q u i r c i : ~ e r r t s  o r  m a y  t c  t r a n s 1 o r i ~ 1 c . d  i n  si:cll a s:anner s o  a s  t o  

co1lIcrrni t o  t i i c e c  r e c j u i r e i ! ~ e n t s .  'i'iicsc cotl i :oi-n~able c q u n l i o n s  are. 

grouped t o g e t h e r  unc l e r  t l l c  g e n c r a . 1  na.i::e, G e n e r a l  L i n e a r  h ;odel ,  

Tlie sc'i o f  i i : ; s u t ~ p t i o ~ s  r e q u i r e d  by t h c  ( i e n e r a l  L i n e a r  

hlodel  a rc  relevant to t h i s  s t u d y  i n  t h a t  t h e  ~:lcl;hod o.f p r o d u c t i . o n  

1 f u r ~ c t  i o n  c s t  j i:;otion ilscd i n  t!~is a n a l y s i s  is confo~:innble,  Tile 

impor  Lance 01 ~ ~ C E C  ~ S S L I I : I I ) ~  i o n s ,  o r  r e q u i r e m e n t s ,  w i l l  b e  

i n d i c n t c d - , i q  t h e  c!iscus:;ion o f  t h e  i n d i v i d u i l  a s s u n p t i . o n s ,  

I p i r s h ,  a:; a p o i n t  o f  c l n ~ . i f i c a t i . o n ,  t h c  p r o p e r t y  o f  



2 r i  

lii>c:.nr..i.i;: [is j.;c!,lied 1.;;; t i i c  Gc:le:-;:l :;t:!:lt3. filcc,ns ti..at -c.:~-.~.e--.-: J .. ,> &>, i, Cl 11 

c o o f : i : i c i e i ~ l s  ( b i t  5 )  dril ii.l.:L t~ t h e  f j.la::t POifCI.. 

I11 dir;ctrs.c,ing I . l i .2  variou:;; n:;:;uifi;,tions t1;c equ i r t i on  

k' = X13 4. IS w i J . 1  b c  uscc! ar; a n  3 . ic i  t o  {;!LC\ S ~ I ~ ~ I ~ ' [ ; C ~ ~ ~ J . ~ C C  O X  c l a r i t y  

of tho~!c;;;lit, "I'lc depcn;lc;.l; vnriaS!..e, 1', is n vcct,ol-  c o ~ : s i s t j . n g  

0: 21.1. t i l e  obsi.1-ved vnl.~ic:,s of' I ;ota.~. .  oi . i ' i~>ut.  !.'c cnllic.istr; c.3: 

i l  ro\;;s n11c1 1 co iun~n .  i; rcp~ 'cser? ' ; s  :L iilatri:; v: i~ i ( . . l~  i s  co:iipi?.?~d 

o f  ; i l l  o f  i l l e  o l , : ;ervni ioj~s  on t h e  j .ndel~undcnt,  vi:~r:iak,l.es. T h i s  

inati-six h a s  11 r o w s  iind 1) c o l u r i l ~ s  \:.I~cl-c n i s  t l i e  i~u:i!licr of  

o b : ; ~ ? i . ~ t ~ " , i o i ~ s  n n  X ;  2116 p is t h e  ~iul.!ber O <  i r i i l e j ~ c r ~ ~ i c ~ i t  i~al'ialil~!;. 

Foi. e::posilor.g ;]GI-poses,  the conn-t:tn'i i c r n  w i l l  be  cli~;~-c.~;ar~~cc!, 

B is a l s o  n v c c t v r  coniposcd o f  t h e  rc:;rc:;:;iol~ cocf i ' i c ien l ; ; ;  

wit11 p 1 . 0 1 . : ~ ~ .  15 is .I;110 e r r o r  -term a n d  j.t is al:.;o a vec'cor. i~eir,,.; 

con,puseG o f  n ro;qs. Tho c r r o r  tcr.r.1 i.s ec~ual  t o  t,lie d i f i ' e r e n c e  

bc t~+cci :  t h e  ~ b s ~ r ~ j c d  v a l u e  of i' and -i;i?c es t i r , !a l ;cd v a l u e  o f  Y .  

T l ~ i s  e r r o r  t c r m  p l a y s  a ~ ~ a r . L i c u l n r l g  j.r;~~:or-l;ant r o l e  i n  t h e  

s t a t i s t i c a l  ~ s s ~ i i t p t  i o l i s ,  

"l  he G v c c i o r  i n  - L : l i s  gc1-lcra.l appi-oach is  e s t i a i a t c d  i n  

s u c h  a !ilanncr s o  as  t o  i : ~ i j ~ i ~ i l i z e  t l l c  SLIEI of tile e r r o r  tel.iils 

s y u a r c d .  Tliis; s q u a r i n g  is n e c e s s ~ i ~ y  b e c a u s e  t l l c  e s t i r na . t i on  is 

ca l . r i e i l  out.  i n  r;ucl: a rilanricr - t h a t  t l l c  sum oJ: tile i l i f f c r e l l c e s  

~ ~ c t r i c : c n  t h e  o! j r ;cr~ct l  a n d  c s t i : n a t e d  v a l u e s  o f  5' e q u a l s  z e r o .  

I J o ~ i c a . l l . y ,  .this rilctllc)d o f  cs-l.inai-.inc; t h c  coefficients is c a l l e d  

l e a s t  sq:!;lres I-c?;rc?sr;j.on. 

' i ' l ~ c ~ e  a r c  t\iro n ;~ : ;u i i~p t j .on~  t h a t  p e r t a i n  t o  t h c  m a t r i x  o f  

i . i l i l~pc3dcn.L - ~ n r i i l I ; l e s .  I t  is us~1n31y as:;ur;lcd t h a t  X j.s a nia t l - ix  

,,, . . . of f i  :<el;! :iu~::bcrs. i 1 ~ 1 s  1.5 a. u s c f u l  simpl.i.l^yj.~z:; a s s u r ~ ~ p t  i o n  thcr-l; 



a:LJ.ow:; f o r  t h e  c n s y  ca l c . u l z t ; . on  01 t h o  coc . I i : i . c icn t s  znd t h e  

\rnri ,ancc of  t h e  c o c f r i ' i c i e n t s ,  Ilor.icvc~r, t,llis ,se;.ms t o  be a 

.vat] ler  s t r i c t  a:;srimptiur.t, C c r i ~ s c q u o ~ i t  l y  , .i.t wi.13. h e  r c l  axe6 

t o  tl:e cxt,cnt t . i ia t  S w i l l .  be as,c;\!ii~cd t o  h e  a s e t  o f  I-nlltlcr~ 

numhcl-*s t h a t .  i:i ~ ~ n c o r r e l a . t c t !  w i t h  ! . :~e  erRoiq <;cl.ln, T ! ~ l s  

rel.axqd asr;u~!!t ; ion is m o r e  r e t l l i s t , j . c  ;ind doc:- n o t  crci i tc  arly 

b i n s  i n  thc:  c,.;tir;iateC ccsei'ficic~:tz; an 3 . 0 : ; ~  a,? tthc in i ic ,~c:ndcnt  

v 2 r i a b l . c ~  arc! n o t  c i l ~ r c l n - L c d  wi th  tllc cl.r.or t.ercil, 

l 'hc s c c o n d  a s s ~ : r i ~ ~ l ; i o n  a b o u t  tlie r:~a:t~-'in. o f  i~?dcpcni ie t : t  

va.r i r t b l e s  is concerned&.  w i t h  t i le ran!< oi^ .tlic i!:ai;:-ix, '2;ic; rilnl,; 

o f  a m a t r i x  is d e f  i n c d  as  l;he maxiinurn nuri~bzm: o f  l . ir?c;i i- ly 

2 
i : ldc] jsndcnt  co lumas ,  The  r a n k  o f  X must  bc b o t h  cquit l .  t o  t hc  

nuni'ocr of indepcndcn-i;  v a r i a b l e s  alld l c s s  t h a n  L11z number o:f 

o '~scrrrni ; . ions .  If t h e  rr:rG; o f .  X i z  I c s s  t!la!l t ; l c  nui;.b;.r' o:C 

i n c l e l~cnden t  v a r i a b l e s  tlleii n i u l t i c : o . I l i ~ i c a r i i ; ~ ;  c x i  sts, 'l'kzt i:: 

a t  l e a s t ,  some o f  t h e  inc iependent  v a r i a b l e s  a1.c r c l a t c d  and t1lj.s 

w i l l  cause  a b i a s  i n  t l l c  es t ima1,es  o f  -tile rcp;i.c!ssion c o e f f i c i c i l t s ,  

I T  t!lc f iu~ i~bcr  of  obsc r v r t .L io~ l s  is l c s s  t h a n  tl:c nu~irbcr oC 

indcpcnclcnt  variables i t  is 1101; p o s s i l ~ l c .  -Lo clbtair!  estj.ma^ics 

o f  -t.tie r c g i x e s s i o n  c o c f  f i c i e r l t s ,  Sf t h e  nur:lhcr c ~ f  ob:;c.~-vnt ion,.; 

e q u a l s  t l i e  nt~rnber o f  i l ldependeni ,  v a r i a b l e s  e s t i m a t e s  o f  t h e  

r c g r c s s i o i l  c o c i ' f i c i c n t ; ~ ~  c s n  b c  o b t n i ~ l c d  b u t  t h e  v a r i a n c e  01 t h e  

e s t i l s a t c s  would  be  uncl,ei'ined arld no con l" idcncc  c o u l d  bc 112ncec). 

i.11 t h e  c s t i ~ ; ; a t c s ,  

'There a re  t h r e e  o t h e r  a s s u m p k i o n s  gc r - l i ; i en t  t o  



Gci:e~-al L i ~ l c a r  hloclel., rt'i-c.sc: ;~:;:;?.;::!.:+;ic:lz; i3 - r . : ~ t : c : ~ j - ! i  I;!IC yc(:.tor. o f  

P l  . e r r o r  t c r ~ i ; ! ~ ; ,  Lj,c+ fix-;?.& "J '  .L'%-.'- ., I:L&.>G i i ~ : ; l ! i :> l7 t i 311~  i s t . h a t  t l l ~  

c?:l~ccted v;il.:,.e cZ -t.I:c r r - r o r  tr-.~:r.: i.:; c:-,.ro, 751~ix.1, is e q u i v ~ l c n t  

t o  snyi:l;; t t ! i r l t  t I l c  mcia.ll ol^ tile cjXr-.ol::-: is zero. As n o t e d  a b o v e ,  

lens?-, s q t l a r c s  rc?;;rcs~i,)~~ cs-2,ir::a.t~:-; t h e  Sti;~::t i.on i n  s ~ . l c l ~  a 

Inai:nerS " i h t  l-ile s111;1 o f  i , ! :a rc.:; j .dci~J.s i z  cciunl. t o  z e r o .  'i'1;ci-c-forc, 

-i;hc m e a n  o f  -'Uhr? c r r o r  :,cl..!!!s 1 . i ~ ~ - i -  be ::cTo. 'l~'j-<.i.~ ~ L S S I ~ ~ T ~ ~ ~ ~ ~ ~ O Z ~  1.5 

e s s c r l t i a l  i n  p)rc,vj.ng , z L l ~ r ; ' i ;  the: i)s.!,i.:~1;.:.es o f  -(;I):: ~ ' e g i . ' ~ : j ~ I ; i ~ i l  

c o c i ' f . ' i c i e ~ ~ t s  :\Yc? i i n b i a s c d ,  

Tllc nexL ; ; s sump- i , io  s i . n t e s  t . ! : ~ t  -t!le ex;k~ectcd val.11e o f  

t h e  v c c t o r  oJ.' e r r o r  t3ri:r:; !:!iiJ.ti.plied by i t s  i . ~ * s n s p o s e  j.s e::nal 

t o  t h c  v a r i a r l c c  t:i.nles t i l e  ic!c.n.ti.ly r ! iz t r ix ,  Ylii:; i s  ~ ~ s c . c l  i n  

A 2 -1 
t h e  p r o o f  t h a t  v 2 r  (P )  = uJ (X1::) . 1;:iglici.L i n  t h i s  nsi;ui:lj,iion 

j.s t h e  iGca  t;!i;tt-. cl-~:.--:)p-:; zr.c S.r:i.ai:cndc;lZ;ly dic t r i .Lutc!d.  T h i s  

i ndcpcnde r i t  c i i , r , t~ . : ibu t i c ; i  i .s pc~ r t i cu l . a r - l y -  inpor.Lant. when w i n g  

l eas t  s q u a r e s  c s t i ~ l a t e s  o l  i i l o  rc:; ;rcssion c o c . C f i c i e n t s .  Job r ! s t o~ r  

lrns 1 j . s t cd  t l ~ c  corl:;ec~uei~ce:; o f  t:li. J.s.~li o f  c o ~ n p l  i a n c e  wi. t l i  this 

3 
assu:t~pt i o n ,  T l lc  c s t  irnatcs o f  t k c  c o c f  f icieilts w i l l  be u n b i a s c d ,  

b u t  the sampl i~ l ! ;  v t l r i z n c e s  w i l l  be much l a r g e r  t!lan n e c e s s a r y  

i f  the e r r o r  i;crl!;s ;irbc n o t  inde1:enclelltly d i s t r i b u t e c l .  I n  fact . ,  

e s t i . ~ ; l a t c s  o b t a i i l e t l  by t1:e u s u a l  l c a s t  s q u a r e s  c s t im ; ; t i on  a r e  

i n v a l i d  i n  t h a t  -tile l^or.r:!ul;s u s c d  i n  t h e  e s t i m a t i o n  p r o c e d u r e  

a r e  i i l v a l i d .  T l lc  a ' o r a u l a s  u s l l a l l y  a p p l i e d  i n  t i l e  t - tes t  o r  

F-test arc a l s o  i ~ ~ v a l i c l . ,  

L a s t l y ,  it is assrimed - t h a t  t h e  ei*x*or terr i ls  are d i s t r i h u t o d  



~ ~ ~ ~ c E c  I ~ I - C '  t J i ~  i l ~ : ~ ~ t i \ ~ > t j . o i ? ~  i h ; ? i -  ~ ~ 1 s t  be n e t  j.n o r t l c r  

f o r  t h i s  a n a l y s i s  t o  be  0.:' a!ly col:scc:,tiencc, I i ovcve r ,  t h e s e  

a r e  c ~ ~ ~ u m p t i o n ~  t.11rr.L a1;pl.y t o  a1.1 e s t  i.1uat.i on ro~ct,! lods o f  t!ic 

it j ,  I I e cc s sa r j .  f;o collsi<';i.;. t h e  a,.;siic~p'tions wh j  clr are  

a l s o  t h o s e  n e c e s s a r y  f o r  1:he a n a l y s i s  o f  t l l c  c f f e c t  o f  managclocnt. 

C f  t h z  p o s s i b l e  ai.@el)sr~ic fox.;ns, Cobb.-Douglas f u n c t i o n s .  
h;lvc been  iilc ~:losL p o p u l a r  i n  f r L r m - i i r ~ : ~  ann1ys i . s .  'i'11i.s 
a.l:;cbl-~).ic i:!odcl ~ , ) r o v j . d e s  a ~o!;;pl.oi:iisc bet,wecn ( a )  aderiun-Lc 
T i t  o:T the d a t a ;  ( b )  coell)1it;itj.onal. f e a s i h i . l i t y  G ~ C E  
( c )  s u f f  i c i . e r i t  d.cgrccr,  of  freedorn unuactl  t o  a 3 . l . o ~  f 01- 

st . ;~i;j  > > t i c ~ i l  L o s t  in;. 'iIo:;revcr, i t  : ) robably has greatc2;t 
LISC j.11 diii2;ilj.ilo~t.j.c anzJy:+cs, r c f l ~ e c t i n g  r.:ar;<inal r e s o u r c e  

4 
r 1 : v . l . ;  at. tiiean l e v e l s  of i i i p u t s ,  

'P'l1.i.s c j ~ i o t a i i o n  s t a t e s ,  q u i t e  a p t l y ,  t l l c  r e a s o n  f o r  t h e  

p o p u l i , ~ r i  t.y G I  t h e  CoLb-Douglas f u n c t  i.on a n d  why it was s e l c c t e d  

f c r  ijsc i r i  -i;llia s t u d y .  11,s d i i i g n o s t i c  p o t e n t . i a 1  aas r;~os'c 

j rnpcl- t rrnt  i n  4 . 1 1 ~  s e l e c t i o i ;  b c c a u s e  i t  was p r c c i s c l y  t h c s e  

ma rg i i l a l  r e s o u r c e  p r o d u c i , i v i t . i c s  t h a t  were o f  pri1nn1.y conce2-n, 



f u n c t i o ~ l  i n  c s t i m a t i . n g  tIlc rc;j~:csoio:i c o c i ' f i c i e n t . ~ ,  Y h i ~  

increased t l i e  c 1 c s i r a l ) i l  i i . ~  of  tllc f u i i c t  i o n ,  

13 
The r;cileral. f or!i~ cf -tile Ccjbb-1jougl.as f u1lcf;i o ~ z  i.s Y = aX , 

11s cta'cecl, t h i s  fuilc 'cioil  d o e s  1;oL cc)nfosi;l t o  t he  Cc.:;:.rr~l L i n c u r  

I \ l o g  a -I- b l o g  X. l l i e  c?st,imatin;;. c q u a t i o n  can  11e cspi~!~clcci i o  

i n e l u d e  as  lnarly i n d c p c n d e n t  v a r i r r l ~ l c s  as  d e s i r e d .  

'L'hc r c g r c s s i o ! ~  c o c f f  i c i e n t s  a r e  o b t a i n e d  by a p p i y  inp; t h c  

l c a s t  s q u a r e s  mctllod t o  t h e  f u ~ l c t i o n  i n  i is I . ogn r i t l l i ; ~ i c  form, 

Tllc e s t i . ; ; t a t c s  GI t h c  l , i ,~t . i ; inal  va lu r :  p r ~ c l u c i s  o f  l,lie 

vnr iorks  i n p u t s  are e a s i l y  c a l . cu l . a i ed  f ro i s  this est . i inai ; ing 

e q u a t i o n .  T h e  mnr[;il?c~i v a l u e  p i - o d ~ c t  is c t l - i c t , l y  d e c i n e d  as. 

t l i c  p r i c c  c i f  t h e  prodi!ct  c l u l t i p l i c d  bjr t h e  acli! i i ion;tk o i l t p u t  

of  t h a t  p r o d u c t  o b t a i n e d  by increasing o n e  i n p u t  by one u n i t  

5 w h i l e  Iiolcij-iig a l l  o t h e r  i n p u i s  c u n s t n i l t .  The tila.rginnl v a l u e  

p r - o c l ~ ~ c t  of ;? g i v c n  i n l ) u t  is dctcr.r,:incld by m u l t i p l y i n g  t h e  

rcgrcs s ion  c o o C i ' i c i e n l  f o l *  t h a i  v n r i a b l c  bx t h e  rilean v a l u e  o f  

t l l c  depcnCen t  va r i ab3 . c  and  d i v i d i n g  i,llat. p r o d u c t  by I.hc mean 

b .  T, 
v n l u c  o f  the in l , u t ,  o r -  I.IVP = I 

G 
0 

x ; - 

5 La) ;~ r~ . i l c c  i'ie CradTord  and G l e i l ~ i  L. Joilns011, J l ' i e r r n  T.lanar,cc::l,?r~t 
----2"- --- 

Ana1ys i . s  (!Xeir York: JOIILL ';fj.S.cy ?L 5011:; I I ~ C ~ ,  19cj3)9 ppe 115-12c)a -.- 



of  prodll~:i.iOll is co~lstr:.~:"b. ol;e!- a l l  r;!.il[;er; of f . ~ t j ? ~ t ,  ! ch i l e  the 

mrr rg iua l  p r o d u c t  r a l , i o  changer;, Cons'i;:.;ll; c l a s t i . c i t y  ia ai;l;ai.ned 

if each p c ~ - c e n t a ~ ; e  i ; lc rco.ec  i n  i l lpa t .  add:; t h e  same p.;rcentngc. 
" 

amoun!, t o  o u t l i i ~ t  . I 1  ' An c J . a ~ t  i c  i t y  ~f p r o d u c t  i o n  [;r-?ater I hal l ,  

c q u ~ i l .  tit 0;- l e s s  t h a n  o n s  w i l  1 bring ab:,ot a s c . r c o n t , a i l ; ~  c i ~ n r ~ ~ c :  

i l l  outpat t h a t  is ,=~+c.a tea .  thtn, e q u a l  1,o u r  lr.ss- 1,il;~n o l lc ,  

T h i s  ~ . . ssuiap-Lion is t h e  s o u r c e  o f  one o f  tlrc advan tages  

o f  the Cobb-Dou,-1o.s p r o d u c t i o n  f u i ; c t i c n ,  T h i s  adva!).tage: is  tltc 

The c l : : s t . ic i l ;y  i.n this cnsc j.s c o i i i p u t c d  r a c r e l y  by suiiiriting t i l e  

regression c o e f f  i c i e ; ~ L ~ .  Obviously, ~; i i t c e  L1:ere is u1 i1~-  o n e  

s e t  cf c o 2 f f i c i c n t s  c s t i c ; a t e f i  f o r  EL j'uncI;i.on,, 'ihc e l a s t i c i t y  

of p r o d u c t i o n  :$ri l l  r-clnaii: co~?:;t,nrrt o v e r  Lilt c n t i r c  ra : lgc  of 

d a t a  w h i c h  pias used i n  e n t i n i ~ t i n ; : .  t l ~ r .  r t?z~-c:;sion c o c l ' f i c i e n t s ,  

p a r t ;  c u l n l - l y  u n r e a 1 i s i . i ~ .  A l s o ,  s i n c e  ;.he c ~ p h a s i s  o f  t h e  

a n a l y s i s  is p l a c e d  011 t l l e  mean l r n . l u c s ,  p a r t i c u l a r l y  i n  c o ~ n p u t i n g  

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

pror!uccd by t h c  Colib-I:~ou~;.i.a f u n c . L i o n ,  s!louic! b e  a s  v a l i d  as 

- 
' ~ n r l  0 Iieerly , "'L'ccllnicoi C o i x a i d c r n t  i o n s  i n  '?.- L,ot iront ilmg - 

1'1-oduct i o n  li'nr-JC-t i o t ? ~ "  i i r ! so~~r t : e  j : l -oduc t . iv i~ \ l  , ::o.l..11rl1:: t o  ;.<c.alc 
9 -,.-.--., .----...--.---- .--.. - - -- 

and i ? i > r r i  :;j'-z_c_, e d ~ ,  i.2;1x-l 0, ;:e::(?jv2 ( ; le i in  .Lo. ,'ohn::on n:lti I > ( j ~ ; c l L  ---- -. ----~.--. 
S ,  iiar1li.u i , imes,  lor:n: ' f hc  lo .  , a $ u  -,, S t n t e  College i'ress, %95G), 
1'- 9, 



arig o t b c r ,  

iillo-thcr a s r , u a i p t i o ~ l  i .~!~pl i t :< , t  i:1 t l r 1 . s  aj>j!i.oscb. i s  t h a t  

t h e  c o i a ~ l c t , e  lac!; o f  one iiijju'i 01, . i r ; j~u i ;  g~,oup implie:; an o u t p u t  

o f  z e r o .  'i'hi:; is itn o b v i o u s  clci'ect i n  t h a t  t h e  lacli o f  pu1:lic 

ra r igc  . f o r  suinmer pa . s t i l re ,  for.  cxaaple, \:-hile reducirq:; t i l e  f,o-Lal. ' 

o u t p u t  u f  ~ i i o s t  r a n c h e l - s  :i.n tile s t u d )  arei;, d o e s  no-L l e a d  t o  a 

cornplel;e l o s s  o f  oc-Lput,  Coi;r-:t.q,kzr2n.t l y ,  .t]li. si;x.ic{;ncss o f  ";]lj.s 

ass;urnptj.on i u  n o t  i t va r r an t ed  i n  all ec-,o:lo!ilic s c u s c .  Ilo;.:evcr., 

t i l e  r a n g e  o f  o u t p ~ z t  l o r  a L L  i ~ p u t . 8  co~-~sic ie : -ed tolj:~'i,iri:r is S U C ~ !  

t h n t  a n  c : . t r apo l a t j . o !~  t o  l;lle o r i g i n  is c o n s i d e r e c !  il-releva!:"i 

t o  t h i s  s t u d y .  

The  Cobb-1)auglas i u n c t i o n  d o c s  i10t al.Lovl Tor  d e c ; r c n . s i n ~  

t o t a l  011 t ,pgt  ,. As i n p u t s  co l l t , l~ :_ne  t;o i n c r c a s c  i n  a~:lo~zi.lts 11scil 

to ta l -  ~ u t p u t  c o n t i n u e s  t o  i i Ic ;*ease .  'i.'!~i.s, t o o ,  is ;)-:I oi~viou:; 

dcf  c c t  nntl conmoli c r b i  t irisi!l. F o r  C>;LLl:i:r,l.~, w a t e r  car1 bc a p p l i e d  

i n  s u c i ~  l a r g e  nnlounts s o  a s  t o  k i l l  a11iio:;t ally c r o p ;  howeve r ,  

t h e  a ] ~ ~ > l i c a t i o n  o f  t l ~ n i ;  mucli hrntcr'  ~art i1o.t  l:e c o n s l i c r e d  a 

r a t i o t l a l  a c t i . o n ,  111 gcnera i . ,  t h e  b a s i c  r c f  n t a - t  i o n  o f  t h i s  

c r i t i c i s f i r  is t h a t  sucl-1 ex - t r cmcs  3.re out:;idc o f  t l l e  r a n g e  o f  

co1icern.  

T l i e  Cobb-Douglas  nletllod o f  c s t i n n : . i n g  p r o d u c t i o n  

func -L ions  ha:< i ts ctc-i'ec-ts. l iowevcr ,  g i v e n  t h e  r a a g c  o f  data 

and t h e  actvantn&;cc; ~ i o t e d  a b o v e ,  i ts  d e s i r a b l e  q u a l i t i e s  are 

s u f f i c i c i l t  i r i  jus t i ! :y ing i t s  use. 
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an c?cii~&l;iorl that .  c!.xplaili;.: n:-: wach nr; p:;c;;;ible o f  - tke  t o t a l  v a r i -  

1 1  t i  I 0 c 2 :  0 . I L  I I O ; J C V P L ~ ,  t h i s  p o r t i o t l  

of t l ~ c  s t u d y  V J ~ . I : I  r;llifi'-i, t f i o  c:i; ' ;as . ; . s  fi-(,:,I e x p l a i n i n ; .  t h e  v z r i n t i o n  

t o  n inor-e dc? t a i l c : j  z;;zil.ysir: o:' t ! ic . . t  i ~ ! :~ t . i . on  o f  t k c :  v a r i a t i o n  t h a t  

c a m o t  be cxp.).:i.:i.rjad, 

:it, i s  rc;;~.list. .i,c :.o ?.s:-;ii:-ls i:!lui :aanac;cinc.?nt i ~ z s  a n  e f fec t .  

, . 
01; i ; a t ; i l  out;put, Gj.uen t i i i~: :l.s:;1;r:ilj;1o1;, :it ~<) i ; ; l l  SLSO Sceni 

i-eer;o~:alila t c j  cL>,;:XHiC t !~;z-c  ;.iiL;cc i:ia~ir\i;c::ioilt ('locc h a y e  a n  cl'f C C ~  

o n  t o . i a l  o~:i-i)ut 11:'Li i.3 1:ot ~ . I~cJ .L! : Ic~  ;LI.iOilky t h e  c x j r l a i ~ a t o r y  

v a ~ : i a b l c s  t h c  i n f ! . ~ e i l ~ c  o f  r:l~.tr:rr~;cnicl!t is i n c l u r i e d  i n  t h e  

unexplaj.ncrl  p o l - t i o n  of  t h e  va.1-iai , ic;~i ,  'i'iie-refore, t h z  une>:pl.aine& 

v a r i a i i o i l  v ; i l J .  J l r 3  c?~l;ll-yz~,CI ~ 1 1 ~ 1  IrroIien down i n t o  two p a r t s ,  t l i p  

C?ffcc.i o f  lat-lf;ilgc::i~.nt 21ld ~'ai:.d~ilii c f  J.'c:c~;R.. 

1 i l  'ihc ~?s:(:scr~t zn:?.: y ::;i.r; i t  i:; n e c c s s n r y  t o  ikssume t h o - t  

t h e  p ro t l iuc t ion  plallcs a re  ;:.1.1 p a r a l l e l .  '5,'llaI; is, t l ) c  p r o d u < : t i o ~ ; :  

1 u n c i j . o r l s  t h a t  c<>i:I<l bc ci.cvo1.oped Sroni t i l e  d a t a  I o r  e a c h  o f  t h e  

I o u r  y e a r s  l~a:.nl.l.cl cii-11 O L I ~ C ~  and. d i f f e r  o n l y  i n  tlie c o n s t a n t  

r l t e r ~ : i s ,  I.1li.s i:; n z c c s s a r y  t o  a 1 l . c ~ ~  t l i e  use (:I:' t l i e  p o o l e d  t ; r i t !~ in  

y e a r s  r e t ; r c h s e i u n  cocff:i.ciclit,s i n  t h e  : ;cparwat ion o f  t h e  random 

XI'oln t i i c  l:~an~~;;ci:lQrl. cfl'ccl;:;. 

!iille v i t ! l i r )  y e a r s  r.c::ression c o c f T i c i e n i t s  a r e  e s t i . l a a t e d  

fro18 t h e  poo l c i l  da t a  i'ols a l l  :foul- y e a r s ,  Tlley a rc  u~;ecl b c c a u s e  

t h e y  ~ r o v i c i e  a r e l a t i v e l y  good  e s t i t ; : a t c  o f  t t t e  a c t u a l  p r o d u c t i o n  

i u n c t i o r i .  ' i 'h is  is r-clatcr! ' ;o  t h e  eiliove asuuru:>tion i n  t l ~ a t  t h e  

y e a r l y  r . c g r c o a . i o r ~ s  arc rant'lor:~ dcvi.:~t.ioxl.s nr.ou~acl tlrc f ~ ~ n c t i o n  

derai.uccl . t ' j - ~ i l ~  t h c  v:j.tl:i~i year:; ro:;re:.;sion. 

'Yi;.,c rca:;on f c y  ~ i > ; i ~ l : ;  .<our. ycn?.:i 01 i:; b a s e d  on  tile 



idea t l ~ n t ,  1-nn:Iom v ~ a r ~  r z t i c n s  r / l i c ! t  n c c l l r  i l l  o n c  ycaj- ~ 5 l . J  be 

a v e r a g e d  o v e r  t h e  c ~ t  l i r e  pt-.~-iocl a i ~ d  <; i ?  i L i l e ~ ~ c L y  122 rcduccc i  i l -  

t l i e  ~ilana!:;er.ial e l l c c t  t o  I,e c s l  i!,~,:tccl 11101.~ ~ Y ' C C ~  ~ e 1 . y .  U s i ~ g  

d a t a  fr.o::i on(: year d o c s  n o t  a? lc \ ; .  -tile es'c,i~:la'r.ion o f  ; ! ~ n ~ l a . g c i i ~ ~ ~ i . l .  . 

c o n c e n t r a t i o n  on illis o n c  ycnr w i l 1  n o t  rcfS.ect t h c  a b i l i t y  

oC good  i!iajli\gcr,!c\nt t o  r! l inilcizc o r  i llc inr;bi l i t y  n f par inanngc - 

incnL t o  ~.rni . i~ . ! j  ze r e l u r n s ,  111 other isrords, t h e  ef I i c i  cncy i n  

a l l o c a t i n g  r e s o u r c e s  by r;~anngcriiel.~t is  poor.1.y :near;~1.:.cii by a 

sarnp1.e ti..I<.cn f r o m  o n l y  oric ~ ( 2 a . r ~  

es t ima t ion  of L h e  t w o  se11arat .e e l f e c t s  is handled. i n  t l i e  

Y - l o g  atlji3~1,cd i . o t a l  inconlc \rhcrc i = y e a r  and 
i j j = farm. 

H = 1/4 Y i j  ; t h i s  is t h e  y e a r  a rc ragc  f o r  farm j. 
e j i 

Y = 1/18 Z Y ; ave17ap;u incor!ie Sor y e a r  i. 
i. 

j. 
i j. 

t h  
X = log n i n p u t  f o r  y e w  i and farin j. 

n 
i j 



x 1/72XX!~ ; gc~lci'~.F_ rilean 101- i n p u t  n 
11 i?. . . . i j  4-J 

b = ( n  = 1, :I, 3 ,  ,.., p )  \ i l lere b is t h c  
11 

r e g r c s s i n n  c o c f f j  c i e a t  f o r  t h e  

t l l  
11 i i , j ) ~ l t ,  

The e r r o r  sum o f  squares is c a l c u l a t c d  lty t,hc f o l l o w i n g  

Thc y e a r l y  rr;crt~ls, Y ailcl X , are  u s e d  r a t h e r  t h a n  t h e  
i, : I i ,  

g e n e r a l  n c a n s ,  Y a n d  Y. , becausc  1.I1i s metllod, which is . e 11 . C 

s i m i l a r  t o  i he  o i ~ n l y  sis o f  v ~ r i a r i c e ,  assulxies t h e  s q ~ i a r c d  

d e v i a t i o n s  al.ound the rcoi.1.y ;;lean:; t o  comprise -the e r r o r  s u m  

o f  s q u a r e s .  

,is notccl nhovc ,  i he  ui~cr:pl.ninc?tl v n r i a t  i o n  is broken  

clol\ii1 i n t o  two p a r t s ,  tllc 1nanage::icnt c f  f  c c t  and t h e  random e f f e c t  . 
i l  rca : ;unablc  c n l i n i a t e  of t t l c  i:!nua~;crilcnt cf f e c t  is t h e  d i f  l ' e rcnce  

I,etvrecn I,hc 1arl.i avci-age Y . , nild t l ic  g e n c r a l  n~cnn ,  Y . 'The 
* J  . . 

ri i~~doltl  c  l ' icct ,  i :;, t ! lcn,  t h c  cr l -or  suls o f  s q u a r e s  !.!ili~ls t i l e  

tci-iiis a s  S o l  lo1;;r;: 



T h e  l c t t  Ijantl  tes-I;! is il;c \ a l s j a t  ic?n ()I '  each o l j se r .vn~io11  I'ra:'~ tlic 

I , ! 1  is the rii~~:lolil oi.'f'<!ct, ,lie rantlolii ci.':i'cct w i l  11 be r.earr:rn:,c?i! 

T h e  man:l.~c;ri!c;it ef f c c t  is c ~ i .  iiiia-icd by t,he f 01 ?-ol,.;ing 

T h i s  expression is ~ ~ ~ i l l t i p l i e r l ,  by 4 1)ccausc i t  u s e s  t h e  

t o  bc c o f i s l a n t  o ; r c r  t h e  4 year. period i t .  is I ? C C ~ S S ; ~ ~ - ~  t o  11u1 . t ip ly  

by 4 t o  o b t a i r i  t.he - ( io t a1  c f f e c t  o r  ~nr?.i-~.agc~!:ent. 

Tlie fvll .o\: i l :g e x p r e s s i o n  y r o v i d c s  an  e s t i 2 i a t e  o f  t ; i c  

o f  l he ~ . a l l d < ~ ~ : ~ i  ~ e d  I j lock  f o r i ; ~  i iiat is ad j u s t c d  f o r  t , l~a t  1 ; o r i i o n  



Y - Y t- Y ) ,  vihc1.1 squr i rc i?  i l ~ t i l  .rl~!lil:l:eki OVeJ? i. ;nd. j is  tlie 
i . j . . 

est ima-Le  o f  - t i le c r y o r  sum (01 s q u a r e s  a s  provided. h y  a n a l y s i s  

9 rn7 of vari i l :~ce,  ~ n i ?  indepe~i t l cn i ;  var iable : ;  a r e  in . l r -oduccd j . l ~ t o  

r e g r e s s i o ~ i  ailnl.y:.;is. 'The i - e ~ l i l - t i ~ ~ ; ;  c:l?ror t c r r : ~  I l as ,  t h e n ,  

s u c h  as p r i c e s  nnC wca t i l c r  rn:? i l i e  c.CCccib of tile i n p u t s ,  

T h i s  is n o t ,  however, a conventional a n a l y s i s  o f  

c o v a r i a i i c c  i n  tile s t r i c t  sen:;c o f  t h o  term bcc~.usr :  t l i c  r e g r c s s i o l ~  

c o e f  l ' i c i c n i s  u s e d  i n  th.i.s a n a l - y s i s  a r c  t l i c  v i t b  i n  y c o r s  

r e g r e s s i o n  c o c f f i . c i c n t s  vrhi.1.e .Lhe r e g j - e s s i o n  c o c f l " i c i e n i ; s  

n o r ~ n a l l y  u s e d  i n  a n t t l a s i s  o f  c o v a r i a ~ l c e  arc bnzc.6 on  t h o  

r c l a t i o i ) : j h i p  betv:.ccri <.he e r r o r  t,ernl .[or I' and  t h o  e r ro r  Ler l :~  

f o r  t h e  i .ndependcl l t  v a r i a l ~ l c .  
10 

1~'nrr;ls v r ~ r i n t i o n ,  .tile variance o f  whicii  i.s a n  e s t i m a t e  o f  

2 2 11 
4 -  , i s ) .  

1 
1?lle  andon on t e r m ,  ex lx-css ion  IY I , p r o v i d e s  an 

'A 

3, 21 
c s t i m n t c  o f  S1 S is o b t a i n c d  by s u b t r a c t i ~ l ~  i l l c  c s t i ~ , ! s t c  

2 

2 
S fror:] t h e  v a r i a l i c c  f o r  11 and cl; -i.tli.l,g by 4 .  
1 

'iicnrS S c h e l i . c ,  Tiic .l.r:llj.;is o f  Var iance  (Ler Y ori i :  J o h n  - -- ---- 
! ; i ley 8; f ions ,  Lvc. , 1959) , g. 210. 

i l l i  t i .  i tirid G c o r ~ c  II. Sr , edcco r ,  S t i l t ? . s t . i c n l .  --. 
Xct l~o t f s  (ilti:c:3, l.ov:n: The  I o x n  S t a t e  l i n i \ l . e r s i t y  l ' rcss,  l l ) f i r i r  
1;. -'I-:L>.i* 

J 1 
I?a.si:~~sser:, op. c i t , ,  I) ,  29, 



$"o:n t!ic~$sc v a r .  ;ij;f:es ;;ta:~Cz~:.~i dcvi2-t,  ioni ;  car1 b e  c a l c u -  

- .  la.tcd t o  c s t n l , l i s h  boui?c!aj:~.es ari:ul-lif Lhe > c a n  and I.)cl;weell ~ ; l l i . ch  

68% 01 t t ~ c .  p o ; r : , u l n t i o ~ i  o r  L o L i a l  S.r;c.c:r:~c!; can b c  C X ] ) ~ C ~ C ? ~  .I.o be.  

u 3.11 o-t!~el-  \ \ rords:  G 8 j L  o f  tikc :)c?:;u.l.a.tion c a n  b e  e;;j?ect.ed 

LILC r ange .  esl ; i~.?; l . tad Ig !,ilc n r a n  p l u s  or I ~ I ~ ~ U S  oi:e t o  l i e  k11 '~ ' .  

s ~ ; a i l d a r ~  G c ~ r i a t l u i i ,  If coils-!,nnl; levels o f  i n p i i t s  arc- ~ S : L ; U H ~ C ~  

i n  -i;Ilo j > o p u l n t i o n  i n  d0i.l.;;:. tc.::.:~~.>;, \.r?zich a l l o ~ : :  T c r  internal 

a r r . n r i ~ ; c e ~ t  by nlana;;crs, 'e;l~:i ubsci.vnt i o n s  ou L:;ide t!lc bount1ari.c.s 

v!ould Ije catisecl  by cxcc.p!.i.onal ~na~ ia~ ;c? i i i e~ l t  i n  I)ot.ll t h e  nc;;ativc 

a n d  110s i i; i v c  n::j>se, 

Regaihilles:,  o f  the c s t l n ~ a l i ~ ~ g  cclnat i .on  ust:tl i l l  deriving. 

t h e  p r o d u c t i u n  i"~cilctj..cjn..; cc r i . a . in  ; l s s ~ ~ i o s  EIUSI; b e  made a s  

t o  w1la.t i n p u t s  a r e  r .c lcvr ;~! t  i n  )ii-otlucj nlj; t l i e  o ~ t p u t ,  T h c  

selection of  il:put:5 is a 1-at.llcr s u b j c c ' i i ~ : ~  p r D c e s s  b e c a u s e  it 

is i t ; l p o s s i . b l e  t o  i n c l ~ ~ d e  i l l ] .  i r~pu- i ; s  i n  t h e  a ~ i a l y s i s .  0:1e 

r e a s o n  i:or t h i s  is t h a t  z o n e  i n p l ; t s  arc n o t  measurable. ? o r  

esar i ip le ,  a l l  n i t c m p i s  t o  i l ~ c l u c l c  rna:ingement a s  a n  c x p l i c i t  

f a c t o r *  o f  p i - ;duc t ion  h a v e  y i c l d c d  vcl-y p o o r  r cs i ! l t r ; .  A l ~ o t h e r  

i ' r ,~l~cjrtntl l ;  co:lsidci*n.t , ion is t l ~ a t  a s  t l ~ c :  1lul;ibcr of  variables 

increase?:; t h c  c u i ; l ~ ~ u t r r t i o n s  become q u i i c  u n i f i e l d y ,  A l s o  of 

i m p o r t a n c e  a r c  t h e  s t a t i s t i c a l  rc.quireinc?nt,.;, V . i . t l l  a l a r g e .  

1 1 ~ 1 i l b c ~  o f  v n r i . a l ) l a s  bein;;; i inclt idcd i n  t l l e  d e r i v n t i o n  o f  a 

pr 'oduci ; ion Itir;ci. .ion t h c  c o n f ' i d ~ n c c !  l i m i t : ;  f a r  t h e  cst i . i : l ; l tcd 

~ ~ i ) f f i . c j . c ~ ~ t . s  vioilld I:ic q u i t e  wide n11c:1 l,l:ereby ~ c i l u c c  t h e  c f f c c t i v c  

~a!.l!i? cf ~ s t j . i . i k ! t c s ,  l l ' I ~ ~ ~ ~ ( ; f ~ r ~ ,  i'; is ~ ! c \ c ~ B s . L ; . ~ ~ J '  .LO t l c i l i evc  
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a p r o p e r  b a l n n c c  Lc t \ \ , c e~ ;  <!I(; i:ic;?u:;icn c i f  LIlc r c l c v a n t  v a r i n b l c s  

d ,  c 12c! 11 L :; s and t h e  s t a i , i s t i c a l  rccllli.. 

T h c  t i a t n  u s c d  j.n i l 1 j . s  :it.!!ci>- \.:'clbc: c o l 3 . c c t c d  i n  t h c  

sunnier  of  1.970 rind suj.,pl.elnc;l-LcZ1 i!;ii,!i c1:a1,a c o l l c c ' i c d  by 

:! 2 
Dr. i:ola!irl i:evan, Ur., I:e1va:1.'c. d a t 2  cavcrer :  t h e  y c R r s  1%0-1963. 

'i'herc? w e r e  101 o:~scr.rra: , iol?s I'roril r:hj.ch -1;o cl.evclop tile pi-c;duc-l;io~l 

c P'or t h e  a n a 1 y s j . s  o f  t!:~ ci'fct:S; o f  nianagcnierit t11er.c 

WCI'C c i y ; l ~ t e c n  cc;ol~cr;'L.or::: wlao pi.ovidcit i i l l o r ~ c t ~ t l . o i -  f o r  a l l  

f o u r  w h i c h  iy~ctlnt a toti:J. o f  72 o b s c r v n t i o n s  f o r  t h e  

~nanrrge!.ccut s t u d y .  

A l l  of  t h ~ .  da ta  v:erc prov idec i  by r r t n c h e r . ~  i n  C u s t c r  

a:id Lcr!lhi Co:int ies .  

Y h e  URC o f  t h ' j  CoL)'J~-!)~u~;la,s p r ~ ( f 1 1 c i i o i ;  f u ~ ~ c . L i o ~ l  

n e c e s s i - i a i e s  a c c r - i a i l :  amorint o f  agg rcga . i i on .  Tilt guide- 

3 . i n e s  f o r  .(;his a . ~ ; ~ r e ~ - r ~ t i o r ~  ;ire prov i i i e i i  i11 111-iidloi-d a~rcl 
15 

Johnson .  

'?he 1evc . l  of ou.i;put is r!:easurcd i n  d o l l a r s .  'That i s ,  

.ko.tal. orll.:~ul; is c o n s i d e r c t l  t o  I)e t o i a l  j.~~co::lc adjusted f o r  t l i e  

an loant  o f  produc-Ls (;r.ovrn arlcl co:lsurced o n  t h e  farm sfid f o r  

o f  f - fa rm irrcorne. A l s o  clclel,ed f r o n  t o  L n l  i i l conc  \i7crc: thc 

f i x e d  c o s t s ,  includj.n;l ;  irlsurailcc:, t e l e p h o n e ,  bui.1d.j ng  i leprecii-  

a t  i on and  !aairi-te:l:r~:cc a n 6  pa s i ; u r e  1.en1;. 

0 r i g i . n n l i y  , 1;llcrc wci-c e i g h t  c l i f f  c r c n t  i n p u t s  o r  gi -oups 

p-. 

12 
i i o l a n ~ :  ::cvnn, " C o s t s  2nd i?c-l;~l.i-n~; t o  Plounta:in-type 

C a i t l e  i!anclic::; j.11 Ccn. t , ra l  Tdni~o i l l  1!)(;3", I l z p o r t  S o .  106, 
(iio:;r.o\.j., 1 : c i n . l ) ~ :  1;rl . iversit .y o f  I d a h o  . f ig i ; r icul tural .  Z x p c r i a e r r t  
S t  0 ,  u I i?l,.;o see  r e p o r t s :  nu .  73, l96i; no. i;2, 
9.9<;2 ; 1 1 0 .  ;>:3 , 12G./2 . 



C ' "  . of i n p u t s  t j l a t ,  \$:ol-c c;) i is j  i ;<:1.~6 %I.[.! 3. i c : .~ : \~ ! -~ ly  I . ~ ; i j ) ~ > r ' t ~ . l l t  1;0 !)e 

... A ,J i:i;>u.t :V:LS i ~ ~ c l ~ i d c d  i n  i n c l ~ r d c d  i l l  t!le a n a l y + ; i s .  !SOL -vc'.". 

a l l  oil t h e  dcrj.vcc1. f \ l i lc , t icnrj .  iis wS.<.:i. l?c s e e n  l a t e r ,  tl1i.s 

! lased o n  s t a t  j . s t i c a l  eun.;;j.dcr.;r't:i.cjns. T h e s e  c o r , s j . d c r a t i o n s  

1c.d t o  t l l c  contb.ina.i.ioil 01 i.nlr,:l.ls i~j- i i !  ~ r o u p s  (!I: I;@ cl'elc?.tj.on 

of il;p:tts f rom t,hc n r ra l .ys i s ,  I ;o r~cvc i - ,  each o f  l;l;c i n i t i a l .  

i np! t t  g r c u l ~ s  w i l l  bc iiiscrr;;scd !:r:.rc, 

r 7 .  1 . i ) ~  s i k ; . ; -  o f  t,hc ~ * u n c ! i  i n  'tc tal. a c r e s  \.:as c o n s i d e r c c i  

ail ii-:l;portnnt i r ip~! t  a n d  was, t h c r c f a r e ,  i ? l c luGet i  i n  t h e  f u n c t  j.0~1. 

No a-Ll,cnL)'r. 1io.s r!~ade t o  di.l ' tcl:crl-(;ia,te t h e  \ r a r i o u s  t ~ p c s  o f  land.  

IjiCi'creilt; i n t  i o i l  o f  i1.r i g a t c c l  i'rol!~ x lou- i r r  i g a t c d  1aric: ;nay h a v e  

lccl. .to s i g ~ ~ i f  j . ca r~- t ly  d i i ' f  i.r.ont r c s u 1 . i ; ~  ; ho;;rcwer', t h e r e  was 

good r l c a s o u  Lo SLI;;?CC~, S L I C I I  11 h i g h  c o i - r e l a t i o n  b c t t v < c ~ n  t f l c  

\v';\JLcI' ill;j::t. 2l;d i i . i ~ i g n t , c i i  J.illlCI t h a t  i.he c o c f  f : i . c i c n t s  a n d  

relr~tc:c3 n ~ n . r g i n : ~ l .  v::lue ~ ~ r o i ; u c . t s  t o  bc  clui2.e ~ i n r * z i i a b _ l . e ,  T h e  

usc o f  1:1011~'3;  as  a nca.sui.cr!~ent o f  s i z e  o f  r a n c h  was c o n s i c i e r c d ,  

b u t  ii;, t o o . ,  pins r e j c c - i c t l  b c c ~ u s e  i t  was suspected t1;a.t t h e  

~ 1 1 L l i c  r a n g e  perslit;.r, c r e a t e d  an  u p w a r d  b i n s  i n  .islie v a l u e  o f  

t l r r ?  l z 1 . 1 1 ~  v;hich i.;ould l e n d  t o  ail unc ' ier -esI j . iaa t ion or" t h e  

t!icrrgj.iial v a l u e  p r o d u c t  f o r  Inn:l, 

1,abor i s  a n o t h e r  .Taci..oj: o f  p ~ r * o d u c t i o n  t.!lnt is p a r . t i c t . l 1 2 r l y  

r e l c v a l ~ t . ,  T h i s  f i g u r e  j.nclucled b o t h  the amount. o f  l a b o r  p r o v i d e d  

by tllc r i l n c h e r  nl;d 11i.s f a i ; : i l y  a i d  l~ i re t l  i l c lp .  I t  was me?-surcd 

i n  1::onihs. r l l t i l o ~ l g h  i:l; r c c o g ~ l i z e r l  t h a t  t h e r e  a re  d i f f e r e n c e s  

i n  t l i c  c ~ n a i i t y  oi '  l r i b o r ,  it was c e c e s s a r ; ,  t o  a s ~ u m c  a cor:s'iant 

q u ~ ~ l . i i : : ;  of' l a b o r  i?c!cau..;e o f  t h e  c l i . J ' T i c ; ~ ~ l t ~ ~  e r l c o u l l t e r e d  i n  

at.tcnlyl- i l ; ~  t.o r:;.,?nsur.c t h e  (1 j.f fci.e:lcene 



The i i i : ' ~ ~ ~ : ~ i t  v:rl.lrc: o$ rilaciri.~ic.ry ai-~rl cqu:i pmcnt. was 

a~?oLl ic r  input .  j.bicli~(led i.i: t . 1 1 ~  O~ ' i :~ : i . i l i ~ l  T I ~ I I C ~ ~ . O ! ~ .  i l e a l i z i n g  

t1:n.l; C h i s  i.l?j,at is a s.tocl:. r a t i ~ c i - '  t t l ~ i ! ~  n f l o w  r e s o u r c e  i . t  was 

n o t  cxj~ectcc i  i;o provide nil atic!quai.c ri1cnsLu.e o f  i ts  i.(>Lc i n  

pyorl i lc t i l -e  ~ ~ o c c ? ~ : . ; ;  i t i>~ev(>i - ,  C?UC t o  t h e  TtlcC - t h a t  t h i s  is 

oi?o of t j ; e  1 i l ~ ; j o r  f01.1ii:; o:' i!lvc~:::?;Il:cll?; it W a s  i n c l u d e d .  y1li.s 

~ ~ n r i z , b T c ~  \;.;is i:>c;ts~~.r.c>d i . !?  I;?oI!(> t a r y  L~L ' I? . . c ; .  

TIlc !lo:it. i ; ; p t ~ t  \\.a:; tile i ~ i v c ~ i t o i - y  vcil.ue of  t h e  l.i .vestoc!i, 

r3,  he be;;in!iiii;; i n v e n t o r y  ~ n c z s u ~ c t l  i n  d o l l a r s  ue.s t l i c  va i - i r ib le  

u s e d ,  i i l L ! i ~ ~ i : ; ! ~  tilc?rc [:ere i s o l a t e d  o b s e r v a t i o n s  0x1 r i inchcs  

t h a t  hnc: icciictiA opcr:it;.iorl:; ;is ac i i i t c g r a l  p a r t  o f  t h e  c c n r ~ o ~ ! l i c  

activi.t.i .es j.?. w a s  as,.;~llilc?c? t ! in t  a l l  o : p c r a t i o n s  we re  (:ow-cnlf. 

liere, n g a i l ~ ,  .!;:ic prol)l.c:;n o:f a sl.0~1i vnri.at)l .e is ~~~~~~~~~~~~ed, 

. . . . ~ i 1 i . l ~  I . J c o ~ : I ; . ~ ; ~ . . ~ I ~  tiii1.L t i l i s  , ~ I ? O ~ ~ ~ C C I  c ~ i s t c d  it was notcc'i t h a t  

vl,llcr s t t i d i c ~  tenc;ecl t o  u s e  t h i s  r.;-i,oc!< v n r i n l . ~ l l c  A n o t a b l e  

14; 
c>l:~;i:ple o f  ti~i:;  is t o  be iounrl  j.ri I j r .adford an(! Jo l inson ,  T h e  

r~arl;";.!ial v;i luc ~;r ,oduci ;  :,i~ou%c'l t l lcl l  r e i ~ r c s e n t .  i ~ ~ t e r e s t  and  

d e p r c c i a l i c ; ~ :  o f  t h e  t o t a l .  i i l v e s t ~ i c n t  i l l  l i v e s t o c ! i .  

S ince  t h e  vnsL n ~ a j o r i t y  01 c r o p l a n d  i n  t h e  s t u d y  area 

was j.rrigai;ec1 , w a t e r  \:.as c o n s i d c r c d  a n  i r n l ~ o r t a n t  v a r i a b l e ,  

T h i s  inpi.& WLLF; ~ ; ! c n s ~ r c c l  j.11 a c r e - f e e t .  Tile a ~ n o u n t  of  w a t e r  

u s e d  was. rietc!r~ninccl or1 t l l c  b a s i s  o f  consu l ; ip t ive  i r i . i g a . t i o n  

r e r j u i ~ - ( ? ~ : l c n t s .  (:onis~!i:~pC i v c  i r i 7 i g a  l i o n  rccluir.cil;~ent, is d c l i ~ l c d  

a:; "t!:c :ii:ion:?i o.T vet.ci- I-c:luj.rcd f o r  c o n s u n p t  i v e  u s e  t l l n t  is 
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t~r.t-.iF'j .cj-a'kly q)l)i.icclr -LC: i L ~ c *  5;oj 1," '1'T~ia ~nc-t'iilod o f  cst  ir11a'i~i.o:~ 

was u:.;c~. I.-,cc:\I!>;c TIC) (Iat2 :.~c;'L' i i l ? i . ! i l . ; l : J ~ ~  011 t l l ~  ; i l . l ~ t i ~ L  O X  ~ ~ a t ~ r  

nc" ia l I j .  i~]?p].jcc] i,o t]lc c r c l ~ s ,  'j'!ii. .C.i:;ui'cs usctd w e r e  obtcr i .ned 

by i i iuI . t i I )  Lk-i.!~{; t.!ic ~;ieai! >;(>i>St)At j .> .  r(:q.1;3 I * c I : ~ c : ~ : ~ s  ~ ; C I I -  :L p a r  ( ; i C ~ l l a I -  

~ 1 . 0 1 3  by the. i lu i~l i~cr  of' c;c~..c;s of  t i iat .  cr-op 011 A r a n c l l  ar?d ellen 

cai.tlc-, c r o j ,  and  ! i~ i . : ; cc l l r~nco t~s , ,  'ffic c a t t l e  c x j w n s c s  i n c l . u d e d  

vet ,cri . ;~nr:; .  I 'ecs, n ~ c d i c i n e ,  p1;rchnsed i'ccci, r-ec;istrn-i ; iori  f c e s  

a n d  ctl)!.?;. r::ir,cel.lixlcirt~:j c x p c n s c s  t h z i  pe r . t . a incd  di r r :c t l .y  a n d  

cor;!p!.c%cSy -to tile Tivc.!:;Lcc! en-Lcrl~r. isc; .  The c:rcp csperlsezj  

i i j~ l t id{ :d  ~ i i ~ i !  ~ ~ c I ; I : ;  i t s  f);!1.1 11g tv:j.ne, szc( i ,  fc r t j .1 .  i;;cr, f ~ c l  

a n d  o i l .  Ilowcver , r=.r.tclb C:L~C! C O ~ S ~  d c r 3 t i 0 1 1 ,  i t  was dcc,iclcd. 

t!rnt :;j.i~ca, c r o p  e?:.pcllscs pc r ta . i .ncd ,  j.n r:lost c n s c s ,  t,o i n - t c r -  

r:icdiztc 1;;-odirck; ~ v ~ ! i l ~ l l  w e r e  usc:d P I .  l l \ ?es ' ioc lc  p r o t l u c t i o n  t h c g  

conl.d L C  c o : : i ; . ~ i n ~ f i  :;.i.tk cu;.rc.;l'l, c a t t l e  c:;;~onsca.- ' i . ' l ~  m i . s c e l l a n e o u s  

e x p c i i s c s  v:~1.inblc.  w a s  c o ; i l p o s ~ , ~ i  o l '  m n i n t e i l n n c c  and. d e p r c c i . a t i o n  

o n  mac i ; i . i~csy ,  i ; ; i : ; ~ e l l ~ ~ . ~ c o i ~ ~  v::pcnses not. e a s i l y  a p p n r t i o n c d  

t o  a l ly  p r l r -L ic t i l a r  a c t i v i t y  ar:;! i~.l-lowaL::c. c a r  c s p c r l s c .  T h e  

car e>rpc:ise was l:;tsed on t a x  ~ : l . lo \ i a i l ces .  T l l i s  lass& v a r i a b l e  

c r ea t ed  :;oi~lcrt~hnt o f  a prob1e:u s i n c e  e q u j . p n e n t  d c p : . e c i a t i o n  

i\rilZ i r ~ c l ~ i d ~ i l  twice., i lowevcr , t l i e  i n s i . ~ i t l i f  i c a n c c  o f  t h e  
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i.i:~.:c::;i.;.i~!;':i; j.n criuij-t;!cnt vcr.ja!d.c i n  r .r :~!. : l i~iing thc!  v a r i a t i o r i  i n  

incoi,rc I c6 i u  t h e  c 1 j.m.l.tl;r t;.i 9 1 1  01 tlle itc;tr:i.p\:~c?nt i . n v  es%nlct~~-L 

vnrin:?l .e  ~ L i r ) .  c o r ~ ~ . ~ c q r r c r l t  ;iS 1.cvi ; l t ion o $  l;llc prnlrI.cr;i, 

11, ;!kc I n s t  var t i . a ,b lc  Lo ijc inel. i! t ic. t i  was t l i c  c o s t  o f  

1.1  g1.azj.11;; o n  pu ' u3 . i~  ; .andso I . l r i s  cos t .  co:llci, have h e n  colubincd 

dii;ct:-!..ij7 i.!it!l Lhe  c u r r t t n t  c2.ttl.e expcn:;cs; Iiovcvc:., i t   is 

Iiopc!; Liin-t 'cfic : ic+paral; ion o f  t h j : ;  cos-L f '~-o:!~ t l io n -LI ie r  cai.tl-c 

espc:::;cs \ . iould. re>;u.Lt i n  a rer;sonnl.)!.o cs t i l ; in i ;c  o f  t1;c r.iargi~lal 

va . lue  p;:o~ii1ct. o f  1rul11. i~:  r;:ll;:ce T h e  i.l~tc:rcs-L i ~ i  pub1 j . c  rnng;i. 

i s  b:,~,c:'i. o n  thc  f a c t  thal; i t  i.:; a 11ni.ura3 i 5 n s o u r c c  o r ,  jnore 

t o  bc i ~ . ~ : i o l ' t n r i t  i l l  i i le tot:?J.  pr.ocluc:.ion p r o c e s s .  T h c  v a r i a b l e s  

>:,, - Labor 
.,# 

7 7  

h~ 
- Cilrlacnt, c n ' t t l e  aild c r o p  c?xpenscs 

" r  - j;a:,w 
7 

,,C' CX;!Crl:;c?S 

1, , - l . i n ~ : ~ i n c ~ y  ~ n n i n t c n m c e  and  d e p r e c i a t i o n ,  
M 



r l  1 . 1 1 ~  f i r s t  r;i,c:, ir~uoJ.vr:tl ;.r.s;:: i 1 . i : ;  'i!i:.: ~ ; . , : C ; I .  -LC.! cu:jure 

t::at; tllc b a s i c  a s : ; ~ i ; i j > i  0 1 1  ; : . f ? i~ i l  . t , j i ~  I'c!:~.x'css~.o~~ F-iased 

,.;ere i;ic.-t, ' i ' l ~ i s  i~CCc:rjsa,;y i'or ill:! i i n : ) : i . y s j . 6  ci' ti!e reg re^:-;ion 

t o  be  \ r a l i d .  6econciI y ,  t l l c  1-cgru,k,sion cc~i1a1;io.n~ : i l c t ~ ~ ~ -  ctcrived. 

Iprom t h e s e  c q . u a t i o n s  c ~ t i i . l ~ t c s  o:' t l r c  ~:,n~p;iil:i3. ~ ~ 1 . ~ 1 . c -  p r o d u c t s  

v;ere o h t n i : ~ e d  ai;d, c~:Ltl:oup;ll r ~ o - t  r ? s ~ l  i c.i i . 1 ~  nei;tioncci ahovc, 

conf j . t l cnce  I . i ~ ! l i t s  w e r e  cstabl.i.::l!.cc?, ' ; :h i . r t i iy ,  .i:)c lLc~;i.tiual. 

susi 01 s:ju::rcs, ns lcl'i; uno:pla. i ;?cd bg t h e  i : r i t i l . i ~ ~  TC;?.~-E 

r e g r c s s i o l ?  c o c f f i c i c c t s ,  :.;a:; p ; \ r l ; i t i o n c d  i : i i o  two  s;eg;neni.s, 

r-anlol;l a116 i:iill;a;;cn~cl~i;. 'r'l~e v a r i n n c e s  i 'rci:~ t ! : c s e  t;:.o se:;i;icnt;s 

a l l o w e d  t,Ilc Io r rna t j o l l  o f  c o ~ : f . i d c i ~ c e  Ij.::lil;s rchicll pi.ov.idcd 

bou:ldnrj.c?s i l l t o  wllicil ~ 8 : :  of  tl!c popu1.a-Lion o f  obsc~.va.i ; . ions 

i n  t h c  ~ ; L a d . y  area coi l ld  i)e c s i ) c c L e d  t o  .Tall. as a rer;~!.t o f  

' ihc e1l"ec.L o f  r,ia.llagr:~~;t!~l~L~ 

I l n v i n g  rcacl lcc l  ';his ]loin-L tllc I - C S L ~ ~ ~ E ;  cart IJC n i ) a l .yeed  

ant1 i n t c r p r c t . c d .  This i s  t h e  task  cf: -(;!;e n c x i  ~ 1 i a p . l ; ~ ~ ; .  



rn A r:c - I"i;.st ; ~ s s u ~ . ~ ; ; t  i oil rcciui rcti t h a t  t h e r e  bc! 110 c o r -  

rr :J-a. t ion be-i.vroc:l: l;hc indc~!cricic;ii- var . ; .ablcs  i i ?  t l l c  rc:[ ;rcsk;ion,  

,-, l ! j j , y  t;.;:s easily, ~ ~ l b e j - t  c i - ~ i i l c l ~ ,  chcci~cci, T i i c ?  cc>mpu-l;~?r ljrozt.-;in 

i .  t i  . t ? ~ c  r e ; . ; r c s i ; i o ~  e q ~ l n t i o ~ ; s  c o n t a i ! ~ c d  gr-ajlll:; 

v! it11 p l o t s  (jf thc  r'c:;:id~l a1 s ;i;i;a.i.nsl; crzc!? o f  1.11~ i.r1:!c.pr3.nifcr:t; 

v . ? ,  M u  iic.\rj.~~ilt j)a'i-tr:r.i~ s.;lpc?ar:?d i l l  t he  11,aj)l~s t o  i i ~ i i i c ~ t ' i c ?  

.that I.!:i:~>e was ;li?;i r ~ : ~ ~ ~ ; ~ ;  t o  ~;u:;p:-.cL any  ccjrrc:l.rition b c t ~ i c e i l  

i;ilp i!.ic:c:-~t.1;L:e:-:1. a;:rri able;; :~nd ttie r . c , > , ~ - c ~ - - ~ .  ,. . a , 3 1 3 . i . ~ ~ 1  rct.c;i.clu.ala, 'f1tj.s 

lac!;. o f  ,,~t.i;(:i.:is t :  1 so el i!.:ii.!;atcrl t h e  ; m n s i l , i l i t y  o f  11etcrosccda.c;- 

t i . c i  t j ,  l r i  0-1.11!?1. worc!:;, t11c a s s u c ! i p t l o n  of  a ~ 0 1 1 ~ 1 ; a i l . l  v n r i z r ~ c c  

aj, ;jet c C t o I; c. -r: ci l i t.3. . 
'i'!ic a:;::ur.lpi; i e n  :!.ija:it thc  r a n k  of tlle X m a t r i x  is w o ~ t h  

: ;~e r i ? . i u i i i i~z ;  ?tore f OY f,hc T C C ~ L I ~ ~ ' C ! ~ : ~ C E ~  l.ilat -the rnn:.: be e q u a l  to 

t;hc ~i i i ;~bci .  0%' ~ . * c : ~ : ~ c ! ~ > ; i o i ~  cc)c%':i.c j e  lli;=: i;i:na\ f o r  tl;c rcqui rcr ; ien i  

ilLi.t 2. 1 .  1.  r .  . . I I .  I i . :  0 1  c i o  'i'llc 

1lt!i3bttr oi' c~'i;sc~.v::l:ion;;, 1G1, is s u f . f i c i t . n i l y  i;ren.l;er. than t . 1 1 ~  

iluilil)c?~- o f  1-e~;:r.cssi oil coe.i'-i'i.c j.r:ni;:-:, 8. iio.;;cvcl., i.C t;llc ;:nl;lr is. 

Jc.,s:; i.i,a:l !lt::;ii~c:~- o f  ~ . c ~ ; r i . ; ~ : ; i c ~ ! ~  ~ i ) . < ' T . I : i c : i ~ l l i . s ,  i l l l l l  L j  ~ 0 1  l . i ; lr:cG~*iiy 

3 '2 



. 7 j.-edixcr>,q 1;hc v a l  j.0 j i y .  01 an\. ix1:>21;:;.':; !:::~ctti oil t)lr.;.c;c ~oc:L'!.'i.i: i . ~ i l t ~ .  

w i t ! ]  1.11~ si~n~?.l .c .  CGJ- rc l t i ' t  i o n  cocf  Cjcic~ct  bctv~c-cr? two  i~lil::!;cl)~ic~~t. . 

r a t i o ,  t h i s  co~:!,rlx..iso:l Lecc>iacr> r:u:;.i;c .;uh j c c  t i v c ,  

f o r  t h c  regression c o c f i : i c i c n J i s  of  t h e  re ln tc t i  v a r i a b l e s  t o  

2 incr-cnsc: .  ( ~ o i - ~ : ; ~ q u e ~ l ,  i l lc r a t i o  c f  Chc r .e~; i 'css io!?  coci'%'j.cf.<?nt 

tile i ~ ~ i i ~ l y s i s  o f  P F O ~ U C  t i o n  Y U ~ > C ~ . ~ O : >  c:(;uaiio)>. 

Ano.thcr p a r t i a l  c l~ec i c  f 0:. n11ij.1 i c ,o l  l i . i ; c~ . r i . . t y  is t,iic 

s c r u i  i.nizil:g of  t h c  ~i1ili3l.e c.urrclii-L<.OII cot-ff i c l c . n i ; ~ ; ~  Pi - t a b l e .  

o f  s i inplc cor'z'cln!;j.on r :oc l ' f i c j . cn t s  i.s i o ca t . eC  i n  t . 1 1 ~  u j )pcndix  

(:?abl.c 3 . ) .  

~ ! r b i i , r c ; ~ - i l y  s c l cc t i~ l , . ; .  ;r ~ i~axic : r r ;n  acccp-La l ) le  ].eve1 o f  

i n t c r c o r r c l a i ; . i c n  e q u a l  t o  . G ,  t h e r e  xcrc f i v e  v a r i a b l e : ;  v:I.~ich 

Ilad c o r r c l a t  i o11 c o c f f  icic:l l : ;  u::ceecli ).lc; t h i s  1cvc:l lsi t h  S o u r  

o t h c ~ . .  v a i ' i n b l e s ,  L a n d  a n d  lj.vcs$oc!: inves t r : l cn t  were b o t h  

hic,!'d.Ly c o r r c l n t c c l  \%:it11 f o u r  o t h e ~  v z ~ r * i a b l c s .  !,nI,or, m a c h i n e r y  

i.nvcs.i,r!icnt and  :inc!iinery n;airltenanr:e were a l s o  11j.gi:ly c o r r ~ c l a t c d  
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v j k h  i c ,y ; .  c , i . l - i c \ r .  v : ~ r - ; a \ ~ . l c n ,  TI;:. on1.y lo; ; : ica8.  ;cay o f  c l i . ;d i . j Ia t ing 

tk~.i:; p n i  i.5l.n v;n...: to cic.l.c.;c c : .~  1::;:ny 07 I-.).!c:<e v a r i a b l e s  as poss; j . t ) lce  

y.>ili,s 132cL1it:,2 '1 - . ) .b . , c  i.,c,i.~r c r i - i c r : i . o n  i n  i.he L-.-I.tcr,:p'i t o  deve lop  a 

. -  . p ro ( ; cc t i r ;~ r  :'uiici.j.n!~ t h n i  j,:*oi~~.r?.cri 2;: acicciuate c x p l n r s a t i o n  

0 2  t l t c  \';~>-j.2i;;;j.i>!i :i.n in<:.a~::c r*i~d ye:, vns rc la t j .vc1 .y  f r c c  O X  

s.l;&'iiz.t.ir::Ll f l a v ; s ,  

hilo-tiler pr;ssi.blc. pr.oi,li.r.~ i . s  s e r i a l  co r r c i a t j . sn  ainorrg 

t l lc :  crrc;-; t c r ~ ! ~ s ,  ~jci;ej..r,!j.ilai;i.or~ 0.T t.1:~ i)i!t.bi.~-:lnt.son s t a t i s t i c  

pr-oduccd r: val : ie .  j r ~  t i t u  xorlr: o.C incictcr: . : inncy,  I l ouevc r ,  t h e  

 letho hod 01 cel : icuia t i .on riot have i ~ ~ t c 1 1  c o r r e c t  because  the.  

data  a r c  cor,:pu:;ccI of '  b o t h  cru:::;.-scci;i.on:~t a n d  -L ime- se r i e s  

rn o l s e r v a t i o n n .  LC) ai1ju:j'c f o r  t h c  probJ.c;n c r ' ca - ted  by t h e  

c o r ! ~ l i n n t  .;oil 01 cl:oc;s;-,r;::c t i o j ~ a i  v : i t l !  t inc-;-ici-ics cln-La it was 

ncccssa7S;. t o  elj.!~:ii!?~!,i) i:,wc~ity--:~i.l-!e 01~:. ;c?:~~-:~tiorl~.  111 o t h e r  

words, t11.c L;urLi:.i-Xnt:;on s ta . l , i . s l ; ic  vas 1-ccoin1;utetl u ~ j , r ~ g  o n l y  

i ; l ~ o ~ c  o b s e r ~ ~ ~ t i o i i : ;  :.;hich liad co;;ic f ' r .0~1 r a n c h e r s  iir11.o llnd 

coopera tc t l  foi? t h c  c n t i r e  pzl-iot!. Tile r.e:;ril-Ls o f  t1li.s t e s t  

were w i t l l i i l  t,hc i3an:;.e o f  vci,l.ucs which indicated no c o r r c l . n t j o n .  

' rhercf  o r e ,  i t  v ~ t i s  co:.cluilad t h a t  t h e  da ta  w e r e  r e a s o n a b l y  

well-sui.tc;i f o r  I-,!lc rcgressio:! and i:~anagei!icnt analy..;cs, 

3:n 21.1 t a i . n  in:; a pr.odiic-i, i o n  f u n c t  <.on t h a t  was I - c l a t i v c l y  

frc:r? o x  t h e  ~jt.2-L.i.:;i i ~ a l  ~ J ; O ~ I . C I ! ~ E  fi:~ilt j.onc(K L ' L ~ O V C  it was 

nt!c(,r L .. .-,rr.. t o  :;tala-i u i  L!l <>.11 cs-i.ii.icb.tt!d fu~zc-Lioi i  t:htlt c o n t a i n e d  

t ~ l L  o.T < ;lc iiii1npcndc:~:L V:li.inlj.'t-;;; i:;.nC j ~ ~ c r c  i i j -~ io t l ac s i zc~  t o  

Ilavc 1,c:c;tr i~!:::o:.t::.i.)l, )LC) L l r i !  ~ ) ; . ~ L I I ! c :  Lie17 j):'OCCBS. Orlcc ti-lies 



f une.tj.on .;bra:; est i i i l ; i l  c : . j  i t  t:n:: .!)o,s:;.i.hlc i,o I~:?gi n t.11~ c l i l i l i l l a t i u l ~  

of  var.i:t\ ,]es .t,]lat v:cr-c! c i t i i ~ r '  j~~:;ic;jlii; ' i .<:;~iit o r  c~*en'c.c:d :x-obicr::r; 

w i t ] . !  ii;-Lcrc()r.rclct-l;ioi~, T n t ) l e  c o : l ~ a l . ~ ~ r ,  t3.e r e s u i t s  0.C t . 1 . i ~  

pcirt j .on of t h e  ~ ~ . r i ; i ~ y s i ~ ,  

I n  Chc. f'ir:.;t dcr.ilv.c.d f > n c t i o i ~  :-iae,'liner.y invc: . ; tncnt  

\sns i t ~ ~ l ~ i i ' ; c t l  as ail c x p l i c i - t  v a r j . n b l e .  i lovtcvcr,  it: proirccl 

t o  be c iu i l ,e  i n : ; i g i l i f j c n ~ t  iil cx~~;.;i.i.lai!?:j t h e  var i~ . i , ic : :?  i.n 

j.ilcc>s~e, '2'hcrcf o r e ,  i t  was ; lot  g j .ven ally i u r t l l c r  c o r ~ s . i d c r i i . t i o ~ ~ ,  

'.Ciic? c 1 i m i n r ~ t ; i o n  o f  t h i s  v a r i r ~ . l ) l c  rc~:iovecl the g r o b l e ~ n  

o f  doublc-coullliilL.-ctii r:ch i c l l  was inent i o n e d  c;;r.li.cr.. 

O f  t l ~ c  v a i - i s l j l e s  i ~ l c l r i d c d  i n  t:lc f i r s t  i 'unc .Livn,  o n l y  

t h r e e ,  ~ : l a c l ~ i . n e r y  f i ~ a i n i c n a n c e ,  J.ivcf;tocl,i j . n \ . e s t ~ ; ~ e n t  a n d  cu r~-cn t  

opc):a~t i li:; :.q-:[,c~iscs \.;else s i g n i f i c a n t  a t  t.iie -0.5 l e v c  l ns 

tl<>!:~~~>.iillcd. by - the  t . - t c s i ; ,  !:oi;.evcr, waicr i11-ovcil t o  Le 

.r;i~ni:Llic:rai a:; t h e  . SU l c v c l ,  

l i c s i d c s  ~:lac:!~iiicry invc:str;lent t l i c r c  a r c  no r e g r e s s i o n  

c o c f : i ' i . c i c n t s  l i ~ j t e t i  f o r  l a n d  o r  r a n g e  u n d e r  i'l\ncti.ori I i n  

T a b l e  1.. ~hl-Cl~oug,.ll t h e s c  va r i i l l ) l e s  were c s p l i c i t l y  i .ncluded 

1:ei t i ler  la.11~1 n o r  l-.nngc tiad a uign i :C i . can t  e L f e c t  o n  the  

c o c f f i c i c i l t .  o f  r1et.e:-isination arid t l ~ c  r e ; ~ r c t ~ ; s i o n  c o e f f i c i e n t s  

f o r  bot.!i o f  -ti~e:;e v a r i a b l e s  i:crcr! n o t  s i g n i i ' i c s ~ ~ t l y  d i l f c r c n t  

,.,, f r o i i ~  zer:),  j.11e i . - t c s t  i l ~ d i c a t c c l  t h a t  b o t h  were i n s i g n i f i c a t ~ t ;  

cvcrl a-L t h e  -5 levr-.l.. Acid t o  tlli.:; t!).c f a c t  t h a t  -t?lc s t a n d a r d  

e r r o r  o f  -Llic c:;t.i!aal;e foi. the ccluatj.ol1 rcnchecl. n : ~ ~ i . n i n c n  

. . I ~ e f o l ~ c :  t:;e:;c t p j o  vay 1 ;ii;le~. LJ vicrc C I I ~ C I " C ~  i t l i o  t i l e  re:;rk!:?sion 

n11nl.y:j.i~ 11:;C;il::; i-.ilc ,sC;t~p-:visc rc[l;re~;sj .on api3roncl1, '.Yi~cl:c.f'ore, 

it ~ 2 ; s  t lez j . t icd t o  li:;c L l ~ c  1 " ~ : n c t i o n  a,:; p r c s c r l t c d  i.rl ';':ll~?-e 1, 





t h u s  .Ly : 

,\l<-,ilcfi:;;h :,urn oi' t l l c  re,l;rcc:l;ion c o c f  f i c ic i1 t . s  w a s  

g r o a t c r .  tl1n1.i o n e ,  i t  b:Li:j 110t ~ij ;n. i . : r . icr~l iI ;  1.y d i i ' lercnt ;  f rom one,  

I-- ~ i l 2 r c . f  o r e ,  t i )  2; i'unc'c io i l  \:.r;~; as:;ui;lc:d . to i lavc n coi ls ta i l i .  r e t u r n  

t,o s c a l e ,  

l \ l t ! l ~ i l f ; f k  ~ ~ V C S ( , O C ~ C  i l l ~ ~ ~ t l : i E ' i l t  hias tllc s t r ~ l l g c s t  v a r i a b l e  

i n  the  fj~-:;'L i ' u n c t i o n  i t  i;as ~.c;-;c)\rcrl I roc i  t h e  sccond r c p + c s s i o n ,  

ccrlt , as I N  tetl above ,  t ha t  it:-; dc l.ct i o n  VJLL:; 011vious. !iov!cvcr, 

Tiic ;)rii:-;z.r: r c a s o n  :;a:; i;::lt t1r:i.s i t i p u ' i  was ili:;hly cor l -e la ted 

r 3 1  \ r i l . : i  i o i ~ r  oi.llci. vnricll)lc:., l . c  I>;i~,ic C U ~ I C C A ~ J I  V;i?:, t o  o b t a i n  

'i'c,i?lo I , l aut i  \.;as a l s o  hii:;h1j; ~i~i, i*cl . tr tcci  \:itxi> i o t l r  o t h e r  i n p u t s .  

!;!>:vcver, t!lc rtcccnil; o f  ?.hi& s tu : iy  >:as ol: ~ l a . L u r a l  r e s o u r c e s  a n d  

; : r~r ;c t io~l  3 1 ill cc?c:tion f<:!:i:i is  a!-: f o l l o w s :  

id 'unct i  o n  I I I  : i 'ol l  cip;s Irpi;i c n l l y  l;;'1*~li'1 ;) 'uncl;ion 11. 'f'Iiz 



i 1.1;~ ;:;I: 1 c  :lri.b : l i~d t; 1.1 j ;; v <:y i. t l :)  1. r> 2 1 z 0 c i!,~:;., c: c: C L ~  i. R C  I:*G a k; <: i 1% 

tllc staficlaj:.d c151.0r 01 i ! ? ~  1.2:;r;ci;s.i.oi? oct:lr!i.i.o:l i?y a n  ariouilt 

ccj-aal t,o t i l e  ciifi 'crc.ilcc o f  tilo t.i-:-:>:;:.; l i s t e d  u n , J e r  sum 

o f  tllc X.C '~ ;~ 'CSS~L ' I I  C O C ~  1.i.cj c~I::.:; i'~lil' l:'~~:i:t ~ O I ~ G  i.1 IIl e 

As c a n  b e  ~ ~ u t c d  i n  ?.'al)lc! I ,  t l i ~  olns.tic-i.i;;f o f  p r c i d u c t i o n  

...! .J :>.re il>:;,i.[;j~iTi.c:int;l.y $01- bo.i;h 1 ~ u c c t i o 1 . 1  I1 a n d  1'~1:cl;ion -:.--- 

c-lii'ferel:t f roi:: one.  C:c~lscqt .~cn- t  1. j ,, ~ ~ 1 . 1 .  illlcc i ' n n c l ; % o ~ l s  l i 2 . v ~  

1i11it c l a s t i c i t i c s  0 2  piloc':uctf.on, 

'i'lle I~lean a d s u s i e t i  incor i~e,  as pi-osridcd ijg. a l l  t h r e c  

funci,:i.ons;, w a s  ;ipp:'oxii;~;r.tc.Ly :b*L'7,990. \?!!is !:igr:rc is t h e  

gcocic.t.ric mean o f  t i l e  o b s r r v n t - i o i i s  ;::iiic!l prcovided t h c  b a ~ i s  

f o r  t h e  analysi : ; ,  I t  c a l l n o t  i jc r i ~ u i t i p l i c d  by t h e  l iuini~cr o f  

t h e  ranchc:;  i i a  t h e  st1:ciy clrea Lo o l . ) t a i n  a n  i l l c l i c a i i o r l  o f  t o t a l .  

u~;;.l .j .cul.tur.al i.nco~.\lc. '.?ilc: l ln ly  i~icvii~oci by whicl i  t o L a l  a~:i;j~\si;cii 

incor!ic 1:ligl;t I>c t l e t e r . n i n r d  would be Lo ta1:c tl:c ai,,ml-ei;'ate:; t, s of  

t l i e  incl.cl-iendcnl. v i l r i a b l . c a  o v e r  i.he e~~-Li.::e s t u d y  a rea  anti u s e  

t h c s c  fi2;urc:; i n  cs'ii~t:cll;j.ng t h e  i.ncomc Tor. two  c o i : ~ ~ ' i i c s  

froia ;tgrici!!.turc.. I Iol ;cvc.r ,  a n  c s  i; i.r:lntc! o f  this -iype \coi.~lr! 

j ) robnb ly  b c  qliit;c i n a c c u r a t e  dilrt t o  t h a t  f a c t  tha t  <;he conf idcncc?  

boullils f o r  i n c o i i ~ e  e s t . i ~ ; i ; > t c n  ~ ~ ~ C I ? C C ? G C '  &S i r ~ c r e n s i n ~ ; l y  

d i f  P c r  f ro i :~  t l l c  meal-i va l .uc ,  

I'robalzly tlic no:;t i ~ n p r t a n t  r c o n l - l s  tila-i; car1 be o!~ ia i i - r cd  

f ro l i~  tllis t y : i c  ol: r c g r c s ; ; i o n  a1 :n lys i s  arc. 1 . h ~  1-oturrls  t o  s c n . 1 ~  

IF a n d  LIie ~ . ! n ~ - g i  ;la1 vi: . l~!c 1;rotlur: Ls. .L l ~ c  r e t u r r l s  t o  :;cnlc! werc 

rnenii o:lc<! c a r 1  i c r  , 'i'llc e l .n>i t .  i c i  t y  o f  p r o d u c t j - o n  ii1clic;rtcc': i l lat  



tile f'1.1i:ci;iol-is pr'ovi.c'icd col~.si.a.r;k ~ . : ? . i .~? r . i l ?  dLo S C ~ T ~ C ~  

,- i.llc , s?ar!;i~~a:! \;a:l~1+2 I;'C~UC: it.5 a r c  c.T p;:rl,j..cul ni- i n ' i c r c s k  

f o r  -(;\$:<I I - @ ~ ' ; L ; O I : S ~  > ? l i ~ : ~  p ~ a ~ ~ r i t l c  il rc?.tj.or:n:ic f ~ r  g c n c r a l .  s .Late! ;~cnts .  

ccnc:crni,-ig i;!~c rcail;jiist.inc:-i~t o f  il:c ie.irc.l:.; o f  iilp11';:; t o  acllieve 

a greatctr-. incoiiic, Tile n:;~.i ; ; i~isl  vii1 I.;? ~ : ' ( i ~ l i ~ ~ . t ~  also p r o v i d e  

an cs-lir!:it'i,c o f  t ! ~ c  ~:ciui-.!;s -LC) the nniural v c s o u r c c s  u s e d  i n  

tllc p~oUi : i : t io i l  p r c l ce s s ,  'i.'lle 1~elui..;ii1sc o f  t h i s  1 . 3 . e ~  :i.ri t h e  

d e s i r e  -:'or -tile e f f i c i c n t  al.locn-l;i.oll cf r c s o u r c c s , ,  

I lnfar t i lna . tc! ly ,  ~ i i t h  cc>r:inosite poupir1,y:; 1fi thj .n.  some 

o f  t h e  vnrinb1.c.s i t  i.o no+; jic:-;:;it)l.c t o  bc  s p e c i f i c  aljo~t-t. t h e  

a d j u s t n c n t , ~  r i c ce s sa ry  f o r  obt.;:i l ; i i~i;  a grccaicr ilrcornc. I I o w e v e ~ ~ ,  

ti15.s d o c s  n o t  i n p l y  -Liln-l a n y  gene?:al ,c ; ta t .cecnts  will be i n v a l i d .  

Ta1,l.c 11  c o i ~ t ~ . i r l s  tilo c:si-.in~ntcs o f  t h e  n!argi:izl. v a l u e  

, >3 *. i t  , . i ~ e  ~lar:;i~l;iL t r u 1 . c ~  i~i'o(luc.l;s were c ; ~ i c u l a t c c l  by 

1; 11 
n u l t i p i y i ~ ; ; ;  t h e  1-cgl-cssj cri c o c I f i c i c l ~ t  f o r  tllc i inpu- t  by 

the  ]!!(-!an riil;ju:;tctl i~ic.oi:ic a ~ l d  iti.vj.din: L ! l i s  p r o ~ l u c t  Lty t h e  

I n  diaccs:;ilr(; t h e  : ? i a r g i n n l  valk!c l)rocluct:; cnl:l;nsis was p1ncc.d 

on  ' i i ~ o s c  fii;i:i-es ~illi.c!l 11;ld t h c  ior<c?si; st;i!iilard c!e\ria?.ion r c J . n t j . v c  

t;o " i ~ c  1-c t ; ress io l l  c o e f f  f c i c n t ,  %i: o t h e r  viords ,  w11cn m o r e  t11ai1 

one  csti:!~a"ic o f  a r c g r c f i s i o n  coc. f l" ic j .cnt  WC?S d e r i v e d  t l lc  m o s t  

s i g n i f  i c r l n t  c o c f f  i c i c ! ~ t  wr;s a n a l y z e d .  

I T ]  I !le 1mrginn.1. va!.~r.c proc!uct f o r  lnncl j r t d i c n t c s  -tlln.l;. t h c  

~ i a c  o:f n n  ac!di. t ionnl a c r e  !~~ot~l . t l  y i c l - d  n r e t u ; " ~ ?  o f  $SO4-l.. Y l l i s  

~ i ! t t r g in~ . l  vn l .uc  prcc!uct ,  a'i. f i.l.:;t, appca rc (1  t? be r a t ; ? . e r  l o ~ i ,  

I l o v e v c ~ ~ ,  on  t h c  11c:;is o f  t!lc 3IIG21 :?-::ricu:!t~.~.c-;II c c n s u n ,  which  



i3s-t i.~;~:li eel 11-a:;: i;!',e Y!II.CC I ' i -oduc i ion  F n n c t  i o n s  

-.-----..- - 
I ' l i 7 ~ t  

r -  -------- -- 
I P'urlct i o n  

* "13  
L i i e  di?=tn : ice  oC ill> lilezn val.ur? to tile u p p e r  and l o ~ i c r  
b ~ i i n c l a r ~ i c : s  vfhj cl, ..:llould i n c i  ;]tic G8P/< of' t 1 1 ~  obscrvaiions, 
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j .:~(-ljcatcd t h n t ,  tlic \rs.Ll;c of  lane: n~.iir l!iri ir'.t!:;;: i 'cl- ac:-'t.. iL-2s 

:$!?!-> &b:cj  >, l(>s f o l .  c:l~;.bc:1* i l i l d  >d?;i:!li. c0;.i!ltic.5 l'i?:i;)~!cI,!~~~c~i:?, 

z ,  

t . 1 1 4 ~  val.:lc d i d  11o.t S C C I : ~  ::iiciul.j- l(.v:i; TI t l l  i 6  Y ; L ~ U C  ilrt;:i ~ ? S S U E I C C ~  

t o  ~-cl;~.c.sc?nt 3 3-5:4 1 q c t : ~ ~ i l  o n  i :$~(>:;Ll;.e~it i l l  :I ;iiid, kl:e avc:rage 

vallit: o f  i.al!t'i !+loi;l.d b c  ;~p:;t:~:-;iil:;>.,.~:l;' :>Sf? i!r:\' ; j C r C r  ! ~ : I c >  

t l ifficrcnct. ,  if.' att~.ii)iitc;i! (-1:ij.y t o  1:::il:>.in;;:j, ~:~rty be !:;!i::;l!tljr 

h i g h ,  iIov;evt:r, n'cziig~ ~:>r~:i+.; ;  'ccl'c~i Lo ili.:r.r; t l p ~ a r ( l , 5  tile v n l u c  

o f  lam1 t c ~ ? d ,  t l iui-cf  or'c , t h e  i-c~tc:.:1, 2:; rictci-r:li.:~ed h c r - c : ,  on I;l?t. 

.invcht;!:ic!~t; o f  l and  s!~ouJ .d  be vi.th:ilz ~ ~ c ~ . s o n ,  

'Y:IL' r:;;:rl;innl r.e-Luril t o  J.;;.Lor a?l)ea~:ed t o  b e  s l . ic ;h t l? r  

lor:.. I f  i t  i s  a s s u n c d  ti:~?t t l i c  ~ ~ j e r a l ; o r l , s  I n b o r  wa:; w o r t h  

$4 SOi) per  y e  a!- , tllc a v c r n g c  c o s t  of ia.l;o;. per ~ n o ~ t h  rvns 

api~rox:i  rn2tc3.y $330 .  I l s i n g  a val  us  o f  $Z600  f o r  opcra..tc!rt u 

f.;t!~nr t i ic  :~:on!,h.Ly nvc:ral!;;c c o s t  r i . 2 ~  531:, 1-L i:; obviou:; i!i&l; 

ti:,: i ; t a r ~ l n n l .  \raJ.~.ic p roduc t  o f  l i i b o r  , 3217,  is Less t1lc.n t.he 

nvcrage 1.1onLll.1y c o s t  f o l -  ci"chcr assu~ilcci a n l i j c  01 oycl.n.i;orv s 

l a b o r ,  iIo\.:cver, ne i-Llier aver;:,-u t ; o i~Ci l ly  c o x t  cTif f e r c d  from 

tlic ~ :~a rg in : j . l  v a l u e  p r o d u c t  by t,hc v a l u e  o f  onc: standarc! 

di.\ri;l l i o n ,  C o n s c q ~ l c n t l j ; ,  t l ~ c  ai!;oul:t o f  ldbO1' c~l ; . i loycd,  O n  

t l i c  avcl-agi., nny n o t  ~ . )~ov ic? .c  a do3.!.arb f o r  d o l l a r  t ~ . a d c - o f f  

1)et;iccen i ~ r i i l :  l ;~ l ;d  ouf;p;rt, , but  n raZic31  r e a r i j  ~~s-triieilt  i n  t h e  

~ l ~ , i ~ l ~ y i : t c n t  o f  l a b o r  is c c c r t z i n l y  n o t  liccessliry. 

T h c  e1fec-L o f  i n ' c c > r . c o r l - ~ 1 2 t h  c a n  !)e r i o t e d  Ly t h e  

dii'i'fcrc!lce i n  the valce:; o f  t l re iiinr:;ia:tl v i ~ l u e  p130d:lct f o r  
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l.aboL- {.,c.l;:~cc~l $ ' t i ; ~ c t i o i i s  3' rilifi 1:[. I,:tbor was Il~i.;;hl.y correlated 

\ g i - t I l  1 i.-,rt:stocl: i1)vc:-;?,,!:)c!?-l, 2i:d is l : i  i,ter il1pt;t :.iL:S S O  !)o\.;el.f u l  

t]l;it i - L  ;lrf c c  ~ ~ r : s i J c ; - ; : J > i . ~ ,  t he  ~ t ; t j . : ~ l a i c  of' 1 , l i ~  ~ ! ~ a r g i i l n l  

va l i i e  1,::oduc L f o r  l n l j o r ,  

I ~ h c  t rc:;r.cs;,sioli c : : j c : r I i c i i ? ~ ~ t  ail(: the rcl;uJ.(; ing olarl;.inal. 

valcle p r o d c c t  for wc?i;cl- prc:.;ctnt :;o:ncil!lsl, o f  a p r o h  lc?m. The 

mr?.r;r;ilial. 1-ctl!r.*n per a c r e - . i o o l .  o f  waLr:r a t ,  -i;hc iricnil f o r  i ~ ~ . l i ~ c l i o n  II 

1~3s ( ~ 1 1 i . t ~  j 11s i l ; n i f i c a i l t ,  ! I o \ . ; ~ ? v c ~ ,  .tIic e:;timaJLc(? marg ina l .  v a l u e  

i t  I i t :  I 0 1  1 ; .  i i i i  a-t "iic . 10 l e v e l .  If 

r e l i ; ? i l c c  c a n  be pla.ced o i l  <;lit e s t i l ; i ~ t c  f'rolil P ' unc t i on  I ,  t!icn 

:in ac i -c - foo t  o f  va-';cl- i r ;  gi.cli:i.:~g a r e t u r n  sevc:i  'Limes g;rcnl;c\r 

t l lal l  t!lc c o s t  of  t h e  water, .t:.s:;uri~i.ng t l i a ' ~  t h e  ~ a t c r  appl.j.cd 

mee t s  'tho c o i ~ ~ u i n p i ; i v c  i r l - . i . ; ~ ;o l , i o~~  rcc:uir.elilcnts, tlie c o s t  o f  t l i c  

trratcr t o  t h e  r~inc!ic;' vras n l ~ n u t  $,03 ])(.I- acre-f o o t .  

T h e r e  a re  I-.li:.cc W;iir:< j.3: vrhici\ tiiis a~ar;;j.ilal va l i i c  

~ ~ r o c i ~ ~ c t  !;lay b e  o f  coascqa(:iicc:. Y i r c - ' .  .., , it lias h e e n  r c c c n t l g  

estii:;z'ii:tl t i ~ a t  t.l:cre arc  app ro :~ ima ' i c :~ . j  389,030 a c r e s  o f  

~ o t ; c n - i ; i a l l y  ir.ri:r.clbl.c C ,  I.aii:i o f  C l a s s  1, I1 o r  I I I  q u a l i t y  i n  

4 1  , . 
CusLcr  ;:lid Ler.lili (:ouili; its, 11s Lllc I d a h o  y i a t c r  i !esourcc :;onrd 

proccccl:; i r l  i . t s  e s i , i r i in t ion  of water ~ l ccc l s  i n  Itiaho it tril.? 

need cs-Linrltc::; a f  t h i s  tj::c. j.1: ~ v a l l l ~ t i ~ l i ; .  pu-k@li t . i a l  i r r i g a t i o i l  

p r o j e c t : .  i n  .i.lrc s-i;uc?:; area. :<eco :~d ly ,  t h e r e  h a s  bee11 some 

d i s c u s s i o n  a b o u t  i11i.c~-L!s:;in r.;a"icr t r a n s f e r s  wi:ihi:l - the  s t a t e .  

Ti le  coi:rj)a.ri s o n  (1%' ~ , ~ n r ; , i n s : l .  ..ra.i.uc p r r ?duc t s  bctwc.cl.1 l > a . ~ i ~ i s  f o r  



i;;\t;;.r \;auld lir.ovi.clc a gcicic'Li ~ l n  i t i  cic'icrri:inil:y; i, he ~:lclxj~nlu!i? 

cc::;?, 0.f t r a r , s j . , o r t in? ;  .rr.:.lL:!i.. cconor:.ic!;:j :!r. i !ccr-ent i .onal  b c ~ i e f i t s  

Irol:, t ] l c  :.rzt;(:,-., i .1 t l l c y  can !;n i ; ;os. : . ;~~.rc~,  provide aiiotilcr 

0 ,  ; o  i . , . . ; ,  Lo :?.c!lj.cve c:i'fi.cjc.l:t. c l i c c a C i . o n  

o f  rc!stir!rcec. 

C G I - I - C T ) ~  o p c r a i i ! ! ~ ;  cXj)cn:;e:; ::.c:rc sllor:.il t o  h n v c  a r:,:lite 

1-c;loonal)lc i.lal*[g;j.l:;:l r~t~i;'il. i!g\i'f.'\7c.T', ;:;jIlce t h i s  Va l - i a l j .1~  is 

aci;it;:l I y ;a n:pt;rcgntc ol' a ninriib::r ol' i i l p u t s ,  i t  j, s iinpos.;:;ill.e 

t o  r;;a:;e ally dc:f i ;~ . i . tc  s t&lc j r i c i~ t : j .  I t  r~oul .d  cc r t ,n i : l ly -  i n d l . c n t . c  

t l ) a t ,  i n  ~; .enci . ; i l ,  i i l c l * c n s c s  i n  i h e  j:ll)lit,s j.11 t h i s  va r . i . a l~ lc  

nonl( i  be y j a r r a n t e d .  Ylicyc a r e  :;cv-crnl o b v : i o ~ l s  i n p u t s  t h a L  

. . c0:lJ.d u s e  a [;:ore d e t a i l c i !  ;il!;i .ly~~:r: ~ i u c l i  a:; f c r t ; i l i z e r s ,  vcter-i1ial.y 

a n d  r;icdicinczl c > ; ~ ) c n s e s  f o r .  tlie J.ivcsLocls r l i ~ c i  f c c d  sup~: lc lac .nts .  

' Y ~ c  1:)::1*,-<j t. - 11:il t r ; i J  Y C  p r ~ ~ c l u c  t, f01. j711Ljlic r . a~ lgc  VJZL:: L I J C  

gj;rca'i;cst per ii1li.t oi' ili!)::<; ol" any  o f  t h e  i n p u t  variiiblc:3, TL 

ini!icai;ed a ;j,.? ,. yn' ,o r e t u r n  or: a11 a&li.tl  ol~c:.l. d o l l a r  o f  i ~ i i ~ ~ a t  a t  

t h e  xcnn  1.cvcl. 01' t ! ~ c  inptt t .  :'iitl\. 2i: avern1;c c o s t  o f  nn nu ic la l -  

u ~ l i t - l l i o n t ; ~  o f  gra;: ins o f  a l ~ o u t  I?,50, - the  m a r g i n a l  r e t u r n  pcr 

i t - O I L  i t  ~ i i l  7 T h i s  m a y  Cijlpcar t o  be t o o  

!:.isi-~, l ~ n t  i t  c : t ~ l  b e ,  at. l e a s t ,  p a r t i a l l y  jns t i i . ' i . cd .  First, 

f c r  Ollosc ~ ' u ! l c h c r s  :;.l~o l ~ a v c  l ~ a c i  i,o buy  tl3ci1- r a i ~ c h c s  si lice - t h e  

i ~ i s t i i ~ u t i o i l  o f  t i le T a x l o r  ( i r ~ ~ ~ i n ~  A c t ,  -i;lle c o s t  o f  t h e  j - a u c l ~  

iias j.l~cli.ic!c.il 2:: i 1 ~ 1 1 ~ l i c i . i  a;:.o;~nt .for t1;e foile.ral ;;razi~i;. p e r m i t .  

, : > 7 .  

L ~ I ~ P - C ~ O ~ - C ,  t11i.s rcl.:lz-n jicr allii;la~L-uilj.t-r;!o!1-tll I T ~ ~ I S ~  aI:io c o t - c r  

t!!e r e i u r 1 1  oil i;lc ii~i~cs?.r::c..i:t i i l  ruti;;.c pcri , l i  t s  tha t  was .ii:lpl i c  i i ; ly  

i d  I t i  i t  v l c  f '  t i  1 ! ~ ( ? c c I I C ~ ~ ~ ,  ail)- ixct;l:rn 

~ I ) O I J C  : L ; I ( ~  bc:,;;o~l(I t i :c  r ~ ? t t ! r ~ ~ : s  i:l-o~:i t.hc i1(~j;)3. ic i t ,  j.fivC:s;.Li;lci;t ,;iay 



Z S  , . :+%,39 a t  t h c  r:icsn Level  c-i! i.n;rue i . : t : ; o  j,r?ovi:io:; a rcr:sol-!c~'i~lc 

r e i u r n  on  cin ac!cii'iio~~rzl. c.!l:i o:!' i ~ l l ~ \ ; L ,  :I~t d;,,cs n o t  nppcas 

tllc c q u i p ~ a e n t  a;ld r;i;lchj.i~c?r%y arc i ~ o t  c?,c~!r-ci:i~-l;ct? o u t  t o  L!!c 

5 
~nosi; c c o n o ~ ; ~ ~ . c c ; l  p o i n t .  

S i n c e  l i v e s t o c l i  i nv.lc:;t~;icn:L i s  . ; ! icn~l .~l -~d.  !!:y the t o t a l  

v a l u e  p r o d u c t  f o r  t i 1 j . s  \rr;?*i;lLlc r c r l e c t s  a 20;: ~ - c t u r ~ ~  o n  nn 

c a n  bc  a.~tic 01: -Lhc basis oT tile nbcve analgsi:;, ??he mai-giiial. 

s rnluc  producl ;  or^ ;.and ii:l~l. .ies t h a t  i l i c r ea s ing  illc s i z e  o f  t h c  



d i r e c t l y  io l ivestoc!i . .  11:)wcvc:i-, nr l  i,?cl,ca.s:c i n  c r o p  e:;pcl:scs, 

t , l ~ i - o u . ~ ; h  t i l e  U L C  o f  I.IOA:C aliil I ~cC l . c r  i ' c r t  il.i.::cr, f o r  e>:nniplc, 

is 1 0  a i i j  ' i 'his J.C;L~LS L o  il- ,c,c.ea:;cti ! i~a i i l t c )~ ; ance  

v:ilicl; is reaso).13'31e rilrcn consitlcl-.i!i:;; .-ihc i!!i!is(;-l'i!~al vn l -ue  p roc iuc to  

The o n l y  pi-obl.cn i s  ;,~ri):ilc ran;;:: ~;..i'l.ll it,% i::::ti^,ut,ional c ~ u n l i t y ,  

,I 1.11~3 aver.n::;c! rclncllcr clc~cts n o t  !?nvo ;lily cco~lt,roI. o v e r  t . h c  ya:lsc 

pcr:;:it,s. '~ 'hc o n l y  ]~o;. :+.; i! j ie ~ ~ 1 0 . k ~ t - i ' i i l l  ~~i)jjrcj;ich t o  b~-j.t:g;i.~l;; 

this ~;~i:r~;i~ial .  vr t lue  1,r-oLact j.11 i i r~c :  r i i t l - 1  -t.I!c o t l i e r  i n p u t s  

migh t  bc .I.!IT'L\LI;;I~ i r i c . r e ;~ . ' j ~d  S C ~ V ~ . C C ' S  011 tllc 1-;?17,yC! as ~ ) r o v i d e c l  

I,jr the l o c a l  gr.ni:in:y n: ; soc ia t io ; l .  I'LZ f a r  a s  \u.at,cr is c o n c o r n e d  

i-L i r ;  liasd t o  specuJ.:~."i,c.. ii::;st~~;:i.i~~, 'Li~a-i; il.dcrjua.te \.;ai.er i s  

a l r c a d y  b c i i l ~ ,  a i ) p l i c d  .to L;l:c c'~'c)p:i: ci-nd t h a t  L!lc nar : ; inal  v a l u e  

prc~clucl; is  riot  z o ~ ~ p l c t c l y  uiirc;tsonctbl.c, i - L  1!1;1y i l ~ t  1)c p r o f  i t a b l e  

t o  i r r i g a t e  ncis l n n t i  :;hen a l l  o f  % h e  c o s t s  a rc  cons idc r cc l ,  

;5p t o  t h i s  poii1.t cnip11ar;j.s l iar  bccii p laced  o n  t h o  

ezrL>lo.ir;eii p< :~- - '~  of  i i ! ~  v a ~ . i a t : i o r ?  i n  . t he  a d j u s t e d  inco;;le. 'Vijc 

r e i . 1 k r . n ~  L o  i:llc v ? . I - ~ o ~ E ;  i1:yui;c t . l ~ a t .  co;!l..d Ijo oblni : rc i i  .I'rori: 

c.i'~i:c~' rca l . lvcn l . . i i ,n  o f  rc,.;ot!rcc:i vi. i!lci'c~i:<ctl u:jc of' I-c:sourccs, 



i - c ,  c.spei~cti lig ;jrociuct ~ . ! I X I ,  i.!orliial.l.j-, t i :  i:; w o u l d  c o n c l u c i e  tile 

aI,la].g,.;ic, j;olqcv.?r., 3s 11oi.etl c?.l)o\ic, i t  is pos:;ibJ o t o  nnnl.yz.c 

1 1  i .  . ;  I ;  s . 1 .  'ri1i.s s ec1 ; ion  

d i r c l l s . s c s  t h e  ! : ~ - c ? a l i d o ~ l ~  o.; I.kc rc.s-i.<~r:nl o r  c r r o r  su la  o f  s c ~ u n r . e s  

i n  a n  at-Lcinp t L O  i s 0 1  a-lc 1,112 cf f  e c t -  o f  ~:iana[.;cr.;ei~t. 

f i.'~lc *.- data  used i n  i.hi.r_; ~ s o r t i o ~ :  o I  tllc a r i a l y s i ~  dcer3 

n o t  i n c i u c i e  a l l  of t i l e  olr:-;ervation:; i.l~at; vie1-c i.ncl~.itled i n  

the  rcp;r 'css iun nnn1y:;is. Ciil.;; ti:osc r a i i c h c r s  w1.o c o a p e r a l ; c d .  

f o r  t l i c  c n t i i - e  j j c r i o d  wcr-c i n c l u d e d  i n  t h e  :i~allss,.c~-fie~~'i a n a l y s i s .  

Thc t o t a l .  n~i:!:bcr o f  o ? ~ s c r v a t j . o n s  f o r  t h i s  n n a l . x s i s  was r c d u c e d  

t o  2 o 1 1 .  I:n o t h e r  worcls, e i ; ; h t c c n  1-anc.llcrs suppl . i .cd 

i n l ' o r c l a t i o n  for .  a l l .  f o u r  y e a r s  of  tlic s t u d y  p e r i o d  and Lllcsc 

w e r e  tile r a n c h c a  u s e d  i l l  -1.his  aiirrl.y.z;i.s. 

ds \ v r j . l l  b c  rctc:l:l(?; i i io l l l  ;:ila.]ykc!i' 3 ,  Jcc l ; io l l  11, t i . 1 ~  

r c s i d u a l  s u n  o f  r:yuarcs f o l *  t h i s  u n a l y s i s  was computed  by 

t h i s  i'ol-i11ul.n: 

'I'hcsc scjuared re :s ic lua l .c  wc1.e bro!tcn clown i n t o  two 

2 
s c p a r a i ; ~  p a r t s .  Exp rc . s s i on  I1 e s t i r a n t c i l  (43, + s , L 2 )  - and  

.L 

3 

esprc.s:;i.on 1:19 csLir:iatcd tlic random c f ' f ec t s ,  ( S  u ) .  
I 

rr .  4- x >: ( ( r  - Y -- 1, i x  - x - . - x - x j ) 2 0  . j . . 1 1  1 11 n 2 j o - j . . 

111 'iai?l.cs 1 : L X  2.11d. l V ,  c : c p r c a s i o n  I T  c:;l.iinatcd t l ic  suin 



t i l l  

0;. :.;!.jtl:tr.es a:-;cl.il~ril -to ?.I-:R :I~ri-~~,icr:n il':11..:;1:; c c f r cc t  and. c : i ~ r e s ~ i o n  I:I.:I 

c s t i s : ~ L e t l  i h c  Ita;~::a::l em-u r .  :.;t:i:~ ol: :~(~~.Iij.L.t.:s. 

111 .,.\do e : ; i . j i . ! ;? tc~ i'or. i l ~ c  c.l'S:cct 01% : : I ; ? ~ ! ~ ~ ; c I ) I c I ~ ~  x c r e  CI~LZII ICG~ 

Thc Iirr;.k es-Li:,;ai.c :In:; I;ns:er! o n  i L i .  oi; tl:c i n p u t  v a r j ~ a b l e s  

c x c c p t  ; .~ncl~i l icr .h-  i n v c ~ i i n c i ~ i ; ,  Tn ut i lcr*  r -o rds ,  t!ic c . r r o r  ZLIIII 

o f  s!jL\alqes :;.:~s c lc tc~ia incc i  1.1j  L!,c ; )oolc i i  r c ~ ; r e s s i c ~ n  coefficient!; 

::ni'l i ? r c iuded  sevc l l  o f  i;hc or.igi~12..l. ei;,iit i . n d c p c i ~ d c n t  vn;-iab!.e:;, 

r ,  
i . 1 1 ~  sc!cond csti1::ai .c \fa:; ob-Lnj.i)ec! af-Lcr tile cl.il;lin;zi,ion o f  

I . ivesloc1; an;i ulacI l i ;~ery invcs :  kiiiellt. 

'1'11c t1e:;il.c Lol- t i s o  erti.:.!a-Ces \ : a s  1:ar;ed o n  Liic f a c t  

t h a t  s i l l c c  l i v c s t c ) ~ ! . ;  ir1~es-tlt1~:ij.t ~ i : s  nc:t 0i11y t l l c  ~; !os l ,  powerfu l .  

ir!;~ui; bu ' i  aJ.;;o i;i.;;;l-!.Lg c o r r c l i t t c d  :.~j:Lh D. I I ~ : I ~ I ~ I C ~  0;1 o t h c r  

inc?ci~ci? t im~i;  vnl-rin1)l.c::; Il1i.s  in^^:-t r,ij.;;I:t !lave a:l ;lcIvr~t;se i l l f l u ~ ~ ~ c c  

on  t j I i :  ;:.1z:.y~;is. t ' ' l  . ~ i i c  cLiccl,:; ( jL"  .ii\rc:;-tocli i nvcs t a~cn -L  c a n  be 

scc1.1 i n  'i'ab1.c I ,  pa:;c 4 - 5 ,  a:ld <.:re cor.r.i:3.~t-Li.on i:lai;rix i n  appcl>tli.x 

Ta i> l c  I :;hn\.;s t i i c  i n t c r c o r r e l ; : t j . o ~ . ~ .  

S i n c e  t i l e  r e e l - c s s i o n  c o e f  L i c i e n t s  w e r e  pool.cd c s t i c l a t e s  

obtainc- t l  f r o i : ~  n ,._;~l!~:.:c"Lf t l l c  o r i : ; L ~ ? a l  d a t a ,  c u r s o r y  c o ~ ~ p a r i s o n s  

w e r c  made bc;t!;.ccn tilt : ; u l ~ ~ ; a ~ : l ~ ~ l . o i ; :  and tile sa:n;?l.c t.0 holq 

c l . o s e l g  >,lie cs'ii~.:rt(.c:; 1j:'p.ol:: tl;c sul.)sal;;l)lr_.s t \~proxi loa tcc1  Lflose 

obtclir!ci.i J'l.o!:l tllc sii!:)ple, 'j.'i!c c s t i ~ : l n l ; c d  z d  j ~ i s t e d  .i.ncome ~!;cnn,s 

wcrc  r;ui-'i;c a.i.:nilai-. Tbc  sai:;i)lc c : ; t i~: ja tcd ncnn  i n c o n e  t o  bc  

cipprosil.!c?tely j i  17,  9'76 arlt l  t h e  s;ubr;ai!~:lle c s t  j.r;~aterl i t  to be 

7 ,  ilovcvcl' ,  t l l i z - ;  s; .;;:lnll c l j - f  ~ c r c ~ ~ z c  b c l . i e s  tlie c l j  f f c r e i l c c  

i n  cocf  l i c  i c ~ t s ,  j iars-t i c ~ !  l a ; - ly  $ o r  t,hc f i r s t  s e t  o f  r c g r c s a i o n  

cocl'.Cic:icii-:..~. L1f t h e  s c v c a  var:i.rll~.les t lscd i l l  th (?  f i r s t  esti!:ratc 

o f  ~i:arla;;cr;!ciit clfzct:;  o n l y  tl.%-o c o c f f i c i c n t : ;  o f  r.c;!;rosxion a r e  
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VJ j . t i l i n  one  ,c!-tandarG cli!\;:i ; i l, ion oT t!.lr: ccci'l'i cic!x~t:; o b t a i n e d  froin 

.Lhc e l l t i r e  ;;~!,iplc r ~ n d  ~ i ~ i t i l c r .  o i '  CI:e..se c u c f f i c i c j ~ t s  u e r e  

ci~;nj.f j car1ti-y ilif i ' e r e n t  i ' ~ o : : i  ;:eiqs, '.i'!ie f i r s t  s u l ~ s a r : i j ~ l e  

r c g r e s s i o l ~  a l s o  ha6 uep:iitj.vc coe:l'!:i.c.eni p r o l ~ l e r i ~ s .  IioC o n l y  

w a s  rnilge n e g a t i v e ,  I,:.lt i t  was it.? ::;(> si .g:~if  i c a n t  i i t  Lhe . 10 

l eve l .  Land was a l s o  ~zc;;atP.ire in t he  suf~s21;l;)i.e r e g r e s s i o n .  

i:e;-haps the  nlosi, pec12:l.lat- aspec t .  01 i ; E i i s  rc:;rc:ssjon was a 

ncc;at ive co i : s t an t  t e r n .  

I n  con t , r n s l ; ,  ii:e s e c o n d  :;nf.!:;an;ll~le r e g r c s s i o r l  es t i .matccl  

n f u n c t - o n  t h a t  was r;itich c l o s e r  t o  i Ls sarni~le couritei-jic;r'c. 

Cn ly  tlic cocTi" j . c ien t  f o r  currc2; l  o p c : r n t i n ~  e x p e n s e s  a s  c s t  ir i~atcci 

f rom -t!~lc. suk)cample w2.s n o t  w i t h i n  o n e  s t anda rc1  d e v i a t i o n  01 

Lhe sarnpiu c s i  i r l ~ a t e ,  b u t  even  f , l~is  ira:.iablc was w i t i ~ i n  two 

sLr r t~dard  devia.t j .olis ,  2';:itc coel'fic:;.c:nl; ol" rlei,cl-mina.t,io1'1 f o r  t h e  

stlbsai:lples :.:ere s l i : ; i i t l y  i:i;;hcr t h a n  ",he sar!i]>l-e. 

The 1 .cgrcss ion  c o c f  i i c i c n t , ; ,  c o n s t a n t  i;crt!~s and ,  

c o e f f i c i e n t r ;  of. dc . le r r ;~ i .nn t io r l  f o r .  tile two :;ubsainples a r c  

l i s t e d  i n  TaLle  Ill. i i l  i;tc appeniij-s. 

Us ing  eexpresaior ls  I1 ;ind 111: i~ i )o \ fe  , where  -tile regress ia l l  

c o c f f i c . i c i l i s  isere  tlie pooled r c g r c s s i ~ n  c o c i f i c i c n t s ,  t h e  e r r o r  

slim ~f s q u a r e s  v;as scy,nlsatctl  i n t o  .Lv<i'o p a r t s .  ?'nbl.cs 111 and I V  

c o n t a i n  t l ~ e  r e s u l t s .  Tt~b1.c 111 c o i i t a i n s  i h c  r e s u l t s  fi-oiil 

seven ii idcpenc!ent v n r i . z b l e s .  '!.'n.l,l.c. IV is based on s i x  inciepcn- 

cle:lZ; vn:ciabi.es.  ';'his l i i*c~c~t-" ,?Lioi l  01 d a t a  is sirai:;:~tl"orwai~d 

e x c e p t  f o r  l i le t o t a l  n t ~ ; . : b c ~  o f  dcc~:ccci 01 .Crc.ctioii~. 11-1 t h i s  

c a s e  t.1:~ ~ic:;rccr; (>f Ercctloa \ ie isc  t'l(?Lel-iiiii~ed by ( n  - ( a  - 1) - 1) , 
wi:crc (11) is  .Lhc nll! .~l)c.r  oi" c>b:;ci:.~n?,io!ls anti ( a )  is t!l/,* nr~r;il>er o f  



ye;;rz; covcr:?d Ijg l;!lc dz'iu, 

- ,  , t i i i l .c I.)otl"~ i~-tcs.Ls ~ ) r o v c d  t o  ljc ; ; . i l ; n i f i c a n t ,  t h e  

sccond esti1ilr1,t.c was hi[;i).:!;{ sj.:;nii'j.c;:i:t, T h i s  t e s t  I ias made 

t o  sei: i f  t i r e  e:l'!:ccts c! I' ~,iit~;~~;e:,leli.L Isere s i g n  if j .can.l ; .  %'he 

, . ,.-. c.l:f'c?;.c~lcc i ; t . i . . ~ c c l ~  t i l e  t1i.o ~ c t s  o:f' e s t i m s t c s  is n c l p l i f i e d  by 

co~ri:)ar .i.ng i!-!c:. SCSPL'C t ivc: c s t , i r : ; n t e , ~  o f  t h e  s-tan$.ard devi.al, i .ons,  

,'l;incc t h c x - c  i:.: a. r c l . n t  i v c l y  l a r g e  d i l f c r c r i c c  bc twce~; t h o  

r:~tj.~i;r:-i;cs, ~1 1,roblcm a r i s e s  i n  d c % c r ~ i j . ~ l i n g  t h e  r e a s o n  for.  t h e  

d l . i ' I~b i . c i ;~c  a;lcj. u l ~ i c l l  i~ 1;ior.e a c c u r a t e ,  ' i ' h e o r c t i c a l l y ,  xi:i;h a 

~'(!:~:;oii;ti~.l. 1.cir.g~ ccic . r f ic j .c i i t  o f  d c t c r n i r i a t i o n  t l ~ c  prcclici ; j .ve 

v a l u e  o f  t h c  fu r lc t io r t  w i . i l  i iot  be  ac*'\~cr:;ely a f f e c t e d  by p r o l ) l c n s  

oi' j . n t e ~ ~ c o r r c l a C i o ~ l  ar:iong t h e  i n d c p c n d c n t  v a r i l ; b l c s .  On t i l e  

1,n:;j.s of t!~:ic, i t  would :;cc:;;: l o g i c 2 1  t h a t  a ~ ~ n l j ~ s i s  I v:ciul.d 

pi-oG:lr:c -Lhc I T I C G ~  ~ : c c ~ l r t l C . c  c s . t j . ~ ~ r ? i e s .  I f  t h i s  is t r u e  t h e n  it 

tcotl:!.d secni -;hat aauage!:;crit is n o t  a s  i r ; i ; ) o r tnn t  as  r;~-ight bc 

cr:pcctc:d, a t  Icasi; i n  r ~ c l a t i o n  t o  i h e  c f i ' e c t s  o f  random i r ~ f l u -  

encef;, I!ovicirer, e s t r enc  care  must be  u s a d  i n  a s s e s s i n g  t l l c  

eZ1cc.t o f  ruanagc!ii;eilt b c c a ~ r s c  t h e  a c t u a l  r a n g e  t h a t  is ex- l lcc tcd 

t o  .i.r~c!.iiclc 6i;7!. o f  t!le ub:icr.vnt i o n s  n r o ~ ! n d  t i l e  i::cnrl, a s s u ~ i i n g  

eqanlit3- of i n j ~ i ~ t s ,  is $3.Cj5350 t o  $11!,36C!. 

I 1  .Lhe na,suri~ption 01: e q u a l i t y  o f  in : )u t s  is h i g h l y  u n r - c a l i s L i c ,  

S o  i n  a11 at;to!i:i-,t t o  nalce it L n n c c e s s n r y ,  t i l e  lol.lovr:ing coi:?!,arative 

rrietl-ro<i is pro;~c,scci. I n  I.~r~al:~.in:,- dov;~-I t h e  r c s i t l u a l  i n t o  rnuclot!l 

~ ; ~ a n a g c ~ c n l :  e.<.'f cct:;, i-,iic c1j :cct  o f  rnana~;c!nc?r~t was efiti~i:a.l;eil 

- x  ) I 2 ]  . T h i s  is t h e  
- 0  i i i . J l . 
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(i j lreil tl:  j.:; 1lct1'\,r.r2!. iza.i. i ol: ; I.;; f 0 1  3 nvs t h n t  b y  !)Llttillg t l l c  

loc;;:.rielll;js o i '  t i le a.irctx:i,c i!;:)uts .C!?r s c v c r a l  y e a r s  rror11 

r a n c h  in t .0  <;hc I..irsf, \ , ; j t i ~ i i l  ye2r.s r(:,;r.ecsion e q u a t i o r l  

T a b l e  XI1 .i.n - t he  n2pFen;!i::.). li ~ 0 ! : i ) ; 3 l ' i ~ 0 ~ 1  o f  t.11~ r e s u l t s  o f  

t h i s  c a l ( ; u l a t  j o n  a ~ l d  t l l c  u e t . ~ ! a l  a.vzraag;e income silouPd ;i;i.ve 

a:i c s t  i1:lnt.e o j :  "i)~ 1na1>~.;:~il)l)1?1;1 c ' ~ : ? c c ~ ;  I f  t i l e  d.hf f c r e l l c c  

be1;v:oe;i i 1 1 ~  l . o g z . ~ - j . t l l  o! t1.c :~ctua .L ;iuci-arr;c i l~co ! i~c  and tllc 

e,sti~;:ntcd. i ~ l c c n i e  f1.orri i.Le cquaL ion  i.s [;seater bhnn t l l c  s t a n d a r d  

c lcv in- t ion  for '  inr:na!,.cncnt o (.0507 l o r  a n a l . y s i s  1) t h e  mni?ager o f  

t,l!n.t r a n c h  \!oulti i ~ z  coilsjticr-cci i;o be c~:~ i i ; c  goc\d o r  q u i t e  p o o r  

d e p e n d i n g  o n  ;.;hother t i l e  a . c t u a l  avcragc j.ncor;~cl is g r e a t e r  o r  

I I l e s s  t h a n  i . 1 1 ~  c s t i i . l a tc .d  incoe!c, J.llerc Ina;J b c  a n  u p v a r d  b i a s  

i n  t lm cs-Linated i.nco:i!c cuusc?rl by i11c c o n ~ p c t . e r ~ c y  o f  t h e  e:nnn,.;e- 

~ne:.-~i; i;: -t.ilc a . l i o c a t i o l l  o f  r c sou rc t . ? s ,  but. t h i s  shot l id  o n l y  add 

r;trc!:;;tl~ - to  t l i ~  dccl.nr.nii.io!l 01 coi ;~p~?tc i icc ,  'l'lic r e v e r s e  

s i tun" i .on  wo!lld hold.  true f ~ r  t h c  i . n c o ~ : ~ p e t e n t  iir:lrlagcr. T h e r e  

is i h e  p rob l cm t h a t  ruoui.~lg away f rola  t l i c  irienn t l i c  s t a n d a r d  

dev ia t j -o r1  r;roul.ct i n c r c a s c ;  h o ~ ; c v c r ,  t1icr.e is t h c  p o s s i b i l i t y  

t h a t  t h e  two h i . n s c s  1ai;l;ll-L prcjvidc c o u n t c r v n i . l i ~ ~ g  e I f f c t s  and .  

j)roi:uce all uiibi.a:3cd c s t i ~ n a t e  o f  iii?-na;-;crficnt, 

A l t l i ( : i i ~ l ~  t h e  ratlt;ngcn:cnt c f I e c t  i n  tllc a b s o l u t e  l e v e l  

o f  i r , p u l s  is  i n c l u d e d  i n  t l ic e s t i~ ' : l n t c . d  iricoinc fro1:l t h e  e q u a t i o n ,  

t l l c r e  is co r i s i dc r ab i c?  oppor-iuni '( ;y f o r  t h c  c f l c c t  o f  inanngci-ilcrit 

1; t, . ; ~ j ~ p c : ~ r  j.11 t!lc ~oi:~l,o:;ite variabl(::; sucli  as  c u r r e n t  c i p c r a t i ~ i g  

CX:)cn:;cu a:ld i.12ckiiilcr;~ r:iail~Lcii&llcc. It'!lc. t i l a i r rg  o r  a c t i v i t i e s  

i:~ould. ; l l s o  b e  i;ic3.udc.d j.11 tliis al ' iccl..  111 o t l l e r  ~irol-cis, t h e  

nh i l . iLy  o f  ilic i,ii:nn:;cr t o  u t l l i . ; : c?  e f i ' i c i o i l t l y  t l ; e  i l l p u t s  j.n 



t.1.c conpo::j.tc: vnris.b.lc:z i.:; r:icn:-~rrod l i > r  t t ~ c  d c v i n t i o n  o f  tlie 

nvcrat!;e ac i n n 1  i!:co:.;c f roll1 -Lllc ~ ~ ; t j . l : i ; i $ , ( : d  i 3 l ~ ~ i i l ~  t ,h&t VILl..tj 

ob.l;a.inccl 53; s u b s t i . t u t ;  ;.I]:; 11 is r;v~l.;?;;.;c! i i > ~ l ~ - ' -  ., l c v c l s  i l l t o  t h e  

c q u a t i o ~ a .  

I-, 7 irke i n i ' l u e ~ ~ c e  o f  r a ~ c i o ~ i  cIJ.'ecl;s czr? a l s o  be n ~ c a s u r e d  

f ~ o r r :  t h e  avcra;;e irlcomr., Lsi.:.>g thc:  adju:; tcd mean j:ic.ome as 

all exnlnple ,  o l i ly  6S7: of  'i,::c ycrirrly ilzco:i~::s would  bc  bc  t,wcen 

$ 11,080 2nd ;;%I, 120, I n  o-i;;lc~- :~oi-.ils, n rnncl lcr .  w i t h  r ~ n  

a v e r a g e  i ~ ~ c o n c  o f  ',; 'rr?,:?5G cou1.d e x p e c t  6:3C,/o o r  a p p r o : ; i n a t c l y  

sctrcn y e c r l y  i i ~ c o ~ i i e s  ~ i t h i n  -that 1-;:iip;e 01 i t  of  e v e r y  t o n  yea r s ,  

a,.;aumin~; c c , u s t a n t  r a r i . c h i n g  c o n d i - L i o n s ,  Two p o s s i b l e  c a u s c s  

f o r  t l a i s  r . c l a L i v c l y  w i d e  range i.11 rarido~:! f l u c t u a t i o n s  a r e  

weather  aild ctj.l;tle j ~ r i c c s ,  

r r I he c.or.respo~lr:i j ni.; T . ; ~ u ~ c E ;  ;I:S ol ) t ; l j  l ~ ~ ( . i l  f row t ! ~ e  sccond 

P  unction ~ Y O Y  ii~n~lag~!;:c.~:-t arlrI rar:dor:! c f f c c - L s  nre $13,970 20 

$21,250 >.rid 3 :t4,50"3 1-0 (j2C),430, r c s p c c t  i v c l y .  Y h c s c  ranges 

Isrere cs.Liliiatctl. Tron l,he ]:!earl v r : luc  o f  inco:.!e. T h e  u s e  o f  

t h e s e  estit-la-Lcs is Llic riame 2:; LIlat oui; l i iz?d above.  I t  is 

b e l i e v e d  .Lha.t, on  t i i c  b a s i s  o f  I;:>? coc l ' f  i c  i cn  t s  o f  dctc1.-1ninal;ion ,; 

t l l c  r c s c l t s  precentc!cl i~ ' i ' ab lc  i i : C  :.jay bc: i m r e  a c c ~ r a t c .  I !oaevar ,  

t h c  I - e g r c s s i  on  c ~ , ~ I ; L L  ~ G I :  t,!l~Ji ~):'o.vidcd t h e  C O C ~  f i ~ i  e11i;l.: f o r  

t i l e  r e s u l t s  i n  li'ab3.c XIr I;:ay l ~ c  i2ol.e u s e r u l  t l ini l  t h c  I:ir;.(; 

equnt i o n  i n  l l c l p i n g  Clle wealrcr t:tanag:.c.r i t ]  j ~ r o v i d  i n g  l..llc xuj.de- 

l i ~ l e s  f o r  a l l o c a t i n ;  resources !:iosc? ef f i c i e ) l t l y .  T h i s  is 

bcca i l sc  tlie seco i ld  n r l n l y , r , i s ,  2:; p ~ c s c n t e c l  i n  T a b l e  I V ,  ha.s 

11?ol*c s i s : . u i l ' i c n r ~ t  c o e Z f i c i c n t s ,  i . , ~ ,  sii;i~i.f ica:ll;:y d i f  f c r c n t  

i ' r ~ i - 1 1  ~ ~ 1 . 0  



GO 

iii'i;cl- C S ~  i l i ! a L  ills i : i ~  C ~ ~ C C ~ . G  0;' i~ii.ltl8~;Oli~~llt) lnal'~i~l:?I 

v;l..i 11, ~~~~odu~ t:j c icll i l c  c<ri;ii!ctcii i n  t.li(: i..rt.t~rlcr u:;cd ~t l jove i l l  Lilt 

ol:i;.;.i n a l  r e ; ; r cc ; :~ ; lo~  an;;.?.; :..i:;, "' J. ~lczie ~:iar: ; l l lnl  sra!.ur! produc-Ls 

;;loulcl g~.ovid.r_. all i n d i c r ~ t i o r .  of: v;hat adjas'i.rnel~-ts i r ?  I -esol~rce 

a i ~ o c n ~ l i o n  ~ d o u l d  :ic ilcce:s~;o-.y t o  obi;aj.n a gr'critcr iricome. 



r.l rlli:; t h e s i s  cont.aj.iie:J. Llle i*~l:-;~.!!.t:; o f ,  c:;sci;?;ially, 

fl.so rc ;yccsio: l  anc~l;;scs.  T!:c r e s u l t s  c T  t t i c  -I'irsi; a n a l y s j . s  

v:hich \:.ere based. o n  i , l~e Coi~ l , -3or?g las  i 'o l~ ln  o f  esL:i~ila-Lion v;c:k9e 

p r ' c s c ~ ~ i , c d  i n  'l!ablcs I 2nd  X I ,  E ; ~ ~ ~ ~ c t l  o i l  L ~ C S Q  ~ C : G L I ~ . L S  i ' o~~r  

o f  the .i.npul; val ' i ; t i :~lcs ,  cr;~:rcni; opc l -z t  i l !~  c:;pe:-lses, r.anp,c cos+ .z  

~ ~ : n c i ~ i n e i . y  r ,~aif i ' ic i ia ;~cc and li~vcsl-.oc.i.r invc!:;t~:.cnt, :Icl-e .;ilo\ir? i.o 

be thc j.:lpu?;s wiiicll vou l i l  jirovi.de the IJesi; ~ n a r g j . ~ ! n i  r e tu r11 .<  ,?<IT 

encb  rrclCi{.ional d o l l a r .  irlvesi;c?cl, '!,and aiici l n i ~ o r  v~.lzi-e lot :  i n  

terrm o f  t h e  i n a r g i n a l .  v t t l uc  ]~roc!uct ,  b u t  n o t  un6uJ.y sc,. ' i ' l i ~  

1 ~ ~ ~ ~ ~ ~ i I ~ l l  valiiC? I ) ~ O ~ L : C ~ ,  f<)l. \ ~ l X ~ , C ? ~  \v'aS llO't, 01lly 1 0 k i 9  ;~L!.L i t  V J i A S  

21~0 W C Z ! : - C ~ ~ C ~  a la!*ge : ; t c X ( ; ~ ~ d  i ~ ~ \ ~ l X i , i . ~ i i  wiiicll 1;lcaI)t. t;!kixi 

no v a l i d  s ia t ; c r :~c l l t s  c o u l d  lie ~riadi- n l ~ o u t .  Llic. u s e  o f  v:aLer l'<:1' 

irl-igntion. Co!~scquc i i . t ly ,  i t  was n o t  ~ ~ o s s i b l c  t o  a c i ~ i e v e ,  

t o t a l l y ,  tile o b j e c t i v e  o f  ~i~clxc;.i.ncll vtl1. l ;~ p r o t i u c t s  $01- all t i l e  

n a t u r z l  r c s o l t r c c s  <,hat ;:re u!;-r?cl i n  a;;i-icu3l;ur.e j ~ i  t i l e  s t u d y  il.rca, 

i"lic s e c o n d  r:lla.l.ysis u:;cf.l '72 o f  . ihe  o r i g i n a l .  101 

o b s c ~ v a t i o n s  t o  ~ e p n r a . l ; c  t h e  c . r i e c C s  o f  :::nllttgc!;:cnt o u t o f  f he 

residua]. ,c.~ijun o f  :;clunycs 2nd c~:"-  , , ~ a ' i ) l i s l l  I ~ o ~ ~ i ~ r i s  by wliicll t h e  

e1fcct::; c;i' innlla~;cmcni 1i1i~;ht I J C  dete:.ii~incri, '.Cables 111, 

and V c o i l t a i n e d  t i le  i .cs~l ' i . s  o f  tlie aila1g:;is. I t  was i n d j - c n l c d  

t l i n t  GT!,:; o f  t h e  ol.):;cl.vatio:lr; o n  a d j c ~ t c c i  to . t ; a l  inco::lc would  1i.c 

w i t h i n  t h c  r a l l g c ,  $:lkj9S50 - to  $ 1 ' 3 , ; j G O ,  if c c j u a l j . t ~  o f  incuis \:;us 

n;r;suiiicc.l.. i i l ~ \ - c v c . ~ ,  I;hr::.;c r e s u l t : ;  :.b;cl-c i jnccd on Lilt 1,tcan illconlc?, 

)A ~ ) I ? o [ ) o ~ > ~ L ~  'd2b< i:l;:[I(? i ik ;  t , ~ )  l:v\; L ~ ) c : < c  l .)o~iil(i~; 1 1 i i ~ ~ j l - k  ~ J : ; ~ ( ~  [ , j r  

6 1  
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i~~(!,j .- ,~ici~iaJ.z j.11 ju(l(;irit; -;,;ic;i.y ! ~ ; : ~ l i ~ t . ~ : ; < . : : : ~ ? i ; ~ l ,  :ii.!ility ~ n d  t11el1 IIOW 

.,. 9 

L ~ I C :  GtIiilC f i i n c t i ~ n : ;  c!OL!~.?-~ !>r: rr:,cd i l i  n . c i j u s i ; i ! ~ ~  l-e:;ai?rCc n l . l . O C 2 t i 0 1 1  

so as  t:, rn;lxi.:l!i;:c il.lcoi!ia. 

, I '  ~ h c  fina.1. ~ . c ~ i : l ! .  i~a:; b c c r ~  i.ib:o s e t s  o f  p;uidclii;c:;, One 

set  ~ ~ c r t a i n s  t o  LJic I . . ; ~ L I ~ : ~ I c J . s  i . 1 1  .t:12 s t t :dy nrcn. i : ~  t h a t  it, 

pro\)-id..cs a ~neL!;vd of es!.i.r,i;t.l:i~t!; ~;i;lii;;.z;c:rilcat. a 1 , i l i t y  a n d  al:;o 

i . n d i c a t c c ;  t h e  -C ; l c to r s  o f  j:lac~ducLFo~x ~ i ; j . c i ~  i ~ ~ i ~ l i i  1:ring a1.1oat 

tI1.c I.ar.:pcs-L u iric:re;~:;o i r r  i i r c ~ ~ l c  t!irou;;li (;.real,cr. u s e ,  i n  general.. 

t c r i i ! ~ .  S';pccj.fic s ~ g g c : . ; t i . o ~ i s  cani tot  bc rnadc i ' r~~!i  tl',.i.~ LJ'JX of .  

analysis a n d  s u c h  sui;:;cc;ii.un:; t ierc r : o t  a n  o b ; j c c t i v c  i n  t h e  

a n a l y s i s .  Thc  s c c o n d  sc.1, 01 grridcl! .nes p c r . L a i ~ ; s  t o  the 

nltincl.;;er;len'c 01 natcral ritr;or.lrcc::. Ti has; not. l j c c ~  i l l t e n d e d  

i h a t  r::ar:a:;er!~eil:, dec i s i . o i l s  worrld bc ~:latlc .i.n t l ~ i : :  ~ t u t l y ,  l ~ o w e v c r ,  

it w i l l .  i>roiric:c: the  bas.;z; i'ol* i;&iioi.ia.Z dccicic-tii tiiakiiil; ily 

t i l o s e  ci1argc.d w i t i l  tilt ~:es~~oi~nil j j . . l . i :Ly of  a t l m i n i s i e r i n g  l:.ltc! 

use  o f  p ~ l b l i c  ~C~.CJLlrcCs, 





CnJ.c.:f , l:'r..:;J.ey, ~ ~ ~ . i . v i ~ k c  ifr;:;~..i;y an:! j '1il: l . i  c IJani is ,  Cllj.cago : --..----.-.--.- . . ' fhc i;rl.iiyers i - ty  01 ( ; i l i ~ i ~ g ~  ~ ' i ' c : ; ; ~  + l.!j<){.)e 

. . Cochra , l ,  \ ' [ i l l  in i i l  C;, ;ji?ci Gcoriqc :::, snci! .ecor .  stat is-tical ;.:cthcds. -- 
A I , ~ L \ G ,  Iowa:  'i'hc Tor:.;). ::ltaic i i n i . ~ ~ c l . : . L ,  PI-eas. 1967, 

, : 1. ; c ~ o ,  c 2 I .  i i s ,  P '  Y i :  J(iIli1 ------ --.-.---,-- --- -- ...-- -.- 
id j ! c y  an t i  ;Jo~ir:, 3iiic. iit'J9, 

iieaciy, ;Car-l 0 ,  "Vror luc- i j~on 1~'~nci; i o n s  fl'orn a Iiil:1Som Sample  o:C 
Farc l s  , " Jotapltal of  ii'arii~ i.Ccoi~::j:nics 28 : 929- 10@1 , Kovcn~Lcr , -,---,.-----.- -------- 
1 9 .,j [.; * 

aliil J o h n  I , ,   illon on. S y ; r i c r i l l r ~ ~ ~ : n l  I ' rocluct . iun I l ' u n c t i o ~ l s ,  ---- ----------------...-- --- 
I a :  l.o\i.;l S t a t e  l in j  v c r s i t y  i!~.e.c;s. 190 I., 

T ,  l l u i f m a n ,  i:oy ,:, Ji-.rj.r:ai;iot~ ~!cvclonr:ic.r.t ;1:1cl ilu!,l i c  l;atcr 20 l i c y  . . . ."I-..~_-_L-ll-I.-- -.̂  7 - .-.,.-.-. .-.-- ---.- -.-- 
r,J;:c\.r n ~ri.;: 'i.'l:(: j iu i la ld  ~ ' i - e : ; ~  LC), iskt;.j. 

J o i l n s t o n ,  J, ::<:onor;;~.ti-i.c ~ lc<: lo6s .  Xcw Yorlr: !.;cCi~-avi-I:ill -- -.--- - .--- --- 
J;ool: Co. 19C3,  
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