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us $iM 

MS'fPACT . . .. 

Tn t hi s -nal')c r the me l: or o~ Ql";"] i ta t jve ~rsoor.se ~ fodels 

(CPJ~ ) i s 3T'1 nl ie''"' to i nves t i ea t e t he d e t eTllIin3 ntr. of f f:! rti-

1 i zer uS ::t ~e nrn.onn, f t 1. i m)i;;;.r~ f a r Tf'e r s i n th e NOl·tr .. ' fe~"' . Tllf~ 

th eor~ tical ba ~i s of t~e ~ ecis inn is based on t he c opcen t 

of stoc}; ll.s tic ut ili ty t"ode l. A su rveY (lata f r om r ur a. l 

Et!Lio ni a wa s a.,nl ierl to test t he mode l . 

The a TI' .... lica t i nn of JinO.:!T ""l r o\:'<li'il i tv , '1Tob i t an~ lopit 

modp.ls s e em to he satis f 'lctory in exnlll. i n i n'1 va riabi lity i n 

~e rt i l i zc r US RPe . 7h~ stu~y shol'ed tha t os t of t he exnla -

natOTY va T i~bl es ('a r m len1 s i ze , th e' ~ ous ehol~ s s hea d 

erlucation l evel , number 01' farITI i mr>l.cl"' C'n ts , n'Jmber of c 3ttle , 

number of '"'l lo ts , nUf' iJer of T"1 a ) c s ape d JO-14 , nUlIlu cT of 

f crna' es ~r ed 10 -14 , nu~~~r of ~a l c5 a~e,l lS - S4 , ~umb e r o f 

f emales aoed lS - S~ ani no~ - f~rw incomp) af ~ect PQsi tivel y 

t he T)Tctahili tv t hRt a f' ''' rme r will usc r.c rt" ili z .:: r s . ProbD -

bilities us in!! mininu 1l1, mean ~O(l t'I flyimu!1' val ' le s o f t he 

exo] ana t or y var iab l es er e ~l so pene r p t e~ . 

Fi rally, ~ive sel ec t~d npn - dcmopra~h ic v a r i ab l es , 

1,uF!be r of ~;JTr.I j rmlc"en -.: s , f3rT" lilnd sizp- , n U1'lbe r of ca ttl Cl , 

n .. l mb~r c~ i rtr l c r'lf' n ts ta n I nO!"l- f i'lTT" incolT'e wer '3 inc re " s C'd by 

veTi~b l es r~MRin c d Fixe d at ~h e ir me an v ~l nes . Thi s hclne~ 
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us to r Fne r 3~ " v~ r iou~ r roL~1 i li t i es . hp r csvlt u~s ~n 

th~ ? bov e incC'n ti.v(' s nrC!c ti c:: J . 
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12 . r e r. eral 

.. . 
" 

I t is liVe l y 11'l0"'" tl.a t ('vel' 90 '1e r cent of the reo l"' l c 

i n Eth ion ia ~TC e n~a ~~~ i n ag r iC(lltll TC 1n~ t :l is ~ecto r is 

the mainstn), o f Ethio.,ian ecc rolTlv . Bes ides , ove r 80\ of 

fo r eign e xc hanpe ea rn i nes ccmr f r om t hi s sector . I-: o",cve r, 

agricultura l nroduct i v ity in Etit i opia i s bel ow exp Ctati"" . 

In. deve loned coun tries less t ha n 10\ 0+ the ")c.pu l at ion a r e 

eng aged in ap.r i cul tur e .J..id 1)TodllCe not only for dOTlle s tic 

c cn sum~ tion bu t also €or eyre rt. 

This i s not th e c as'" "or tIl e less {i evel nr.er'l countr ie s 

(LDf ) . Eth i O l} i £l is a C9') C in ",,{' i n t . The coun try is def i -

cien t ir t ond nrod uc tion; dT' ot:pht ::InrI far:inc s e em t o he the 

order of t he (lay. Coa'l iz ant of this fact ?;.h er~ i s an attcJI'I"t 

t o inc r ease «.vr i cul tural 'T o'iuetlvi t )' throu p: ~ various fo r ms 

of assistance sue !1 a s th e prevision o~ be tt e r qual i ty s~e~s 

and fert il izers . 

T:1is s tud.y wi] 1 ea : 11 ith t he l ast r'oint, that is, th e 

case of fertili ze rs a'non" peasan t farms . ' lore specifica lly 

we ~il l try to ident i fy the i rnortant dete r minant s in the 

:ie~a nd for fe rti ] izer . r" othe wores we will try to i den ti fy 

variables that mo tivate fa r me rs to use qor e or less or no 

fertilizer . 

I f one is a bl e to id c~t ify fac tors th n t i nri uee f armers 

to LIS '" f ertilize r , then one Tr ay he a ble to SlJpv,cs t to ""Io l ic y 
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will r e s. ul t in er f icient u t ili~ qti o';'l 'O f SC:l r ce for~ip' 'l. 
• •• • ' #'" • 

r;.e;:o.sar.1: .lr'rical u ITc . Th~ l-r.. .,i q t vo uVi be se l f suff ic i ency 

i n f oorl nr oc1 uc ti on as \-Ic l l as noss i hi J i t i es of ex o rt in p. 

surnl us food . 

The me t. ho r.! of a ll a ly :::.is wi 11 be the nord i c a t ion of nua l i ­

t a t i ve Fesr onse ~ Iod e l s ( (iP," ) . Am on g many , e nnhas i s \'I i l1 be 

""u t on t h r ee comlnon methods o f a na lys i n rr qUi1 1i titi vc or c a tc -

.~ OTical e ata , narr.c ly t E: 17neaT nr o~ nbil ity , 'pr o bit a nd l ogit 

mode ls . 

~_ . 2 Stens of t he Study 

'"' I '1 If F ' ." ' I I . d ! 'l.C stU( Y ' \'1 1 lave our narts : l rs t h-l conS l c r 

t he "JroT'crt i c s o .~ th e va ri ous oual i t: ativc r e spon s e Jl)ode l s 

and thei r r el ev~ nc c i r ~ea s uri n ~ t Ile tyne o f re snons c we 

ar e t r y in~ to stud y . This wi l l he l us gener a te rr oha bi -

lities of usin p or not IAst '3 f ert ili ze r unde r var i ous 

s ocioeccnor.l i c a nd e nvi r onmenta ] c ondi tion s . 

~econdly , \.,e wil l r ev'c w va r i ou s app li c ;:t t i oTl of ouali -

ta t i ve r e SQon se mode l s to t he ~at ;t . 

Th ird ly t he ec onc~ic rat i Cln<Jle involved iI' f arBe r s 

1ec i s i ons Mak ing nr ocess '- il l t e d i scussed by bui1~inp 

appr onr i a t e ma thenatical ?) n ~oach o~ s trchas ti c uti li.)' morle ls . 

This will he l o us t o no lel a ,"' ea s.1 n t s ' beh av i 01.'T un'l(. r diffe rent 
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50cioe::oT'onic . env· ror.me71~31 conditions am' o t h~c const rain ts . 

Fourth ; we ~I i ll i -i(;ntify ~ ')OrQPTia te ex, lana1:ory V3r l. -

a bI es aJ'~ provide rcaSOli· &OT' t he i n'" l usion o f S O";1C . \'Jc Nil) 

trion ?on l y ":he t ~T ce oualitat ive response mod elS an ! ve nerate 

a~propr i ate probabi l i ties ~y va ri n$' t he exo1an a tory va r i able s • 

The riA;ta for thi s resear ch i s obtained fr om a 50cio -

econ omic and de lllogr:t'1hic mul t i r'u r nos c sa rm le SlJrv~ y i n th e 

i10rt h / 'PJe s t r c ~ ion of Z t'1 i oT~ ia c o ll ec tc~ during 198 9 , f i nan-

cia 1 ~rant by Rockfc ll e r Fou ,',dat i on fo r the r es e arch wo rk on 

II Ec ono:TIjc and Dcmo("ranh ic !Tou scho l d Ceha vior in rural Et hiop i a . " 

A s t rat i f i ed multj starc c l uste r s a~rli"~ wa s a~ rli erl to 

se l ec! abou t 800 house hol ds f TO r. t he r e9,i00 a~d fir~ lly 66 1 

obsc r ati ons a r c c ons i :ier ecl here . 

The d a ta i s nroce5 5cd ') sinp comuute r antt a ;:m ly inr a 

statis tical soft \\'a r e STP.TA . 
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2 . 1 Quali ta t ive RC5 non~ O~c: 1 S 

D:' stinction has t: 1.; '': i;a l,c r. bct'r'c t'n nuali t ative and 

• qU81' t lta ti vc d ata . I n the fo JfleT case obse rva ..: ions are 

r ecorded by pr ox i es whil a in the latte r case obser va t ions a rc 

r ccorde1 i n f i rurcs . 

One of t :1C nost imoor ta nt ,l evclonT"'!cn t i n ec onome trics 

i n t~le na st has occure1 i r t' e are~ of Qua ] itl\. tiv~ re s non5e 

models , abr i vaterl as OR ; . fl so knolm as auanta l , c ate9, orica l 

or discrete ~odcls . Her e t e ~enc~Jent va ri abl e i s ~uali ta -

t i ve or cate~orjcal . 

rUt; oose \ .. e h'an t t o c ansie'er th e occurance an:1 non - OCCU T-

anc€; c f an event su c h as lIa .fa nne r llses fe r tili zer or no t " 

i n our case, it is matheMati ca lly conv i nient t o def i ne a 

ji c~ otomous r andom va riable y ~hic l l takes the val ue 1 if t h e 

event occ ur s or 0 if i t does not , ( t hourh ~ny othe r pair of 

real n mle r s could be u5 ~i , t he choice of 0 and 1 i s spec i a l -

1y convinient ) [21. 

We aS SUJ1le that t"' c l'\T~bal ility of an event de!)efld s on 

a vet:'" CT o f indepe nd e nt vari ab l es X an'" a vector o.f un known 

~aTo. fTle't>:: r fl . 
. ,. . d h' >h . ~. . d I USlnR SU'JSC -IDt ] to c note tel - In~ lV l ua , 

¥e can '"rite il univ'1Ti ate .. Hc i'o toJ"ioIlS T'lod c l oeflera l ly as 

(2 . 1) 

i .. 1, • .• ,n 
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~n~re y . is rlef i ned as : 
1 

1
1 

y . E 

1 

if the event occ ur s 
Ctl. f'TwjS P 

:If; r €- 1.;e Fs s umc t hat y . ' s 1'1': i Jl~ependent . I.q : ! ~t iun (2 . 1) 
1 

5 

s tat e s ~.~ at) i n our cas ~ the pr obabil i t y of fer t ili ze r usage 

deoend s on the [ arreTs socia-economic , derogra '1nic anc cha r a -

c t crstics vector Xi' 

The r e a r c many O~ modo)r;, t- ut. the mo st f re quent l y used 

t h r ee commo n r.lo tic l s are linear .... roba bi l i t y . nrob i t and lor,i t 

mode ls f 2l . 

( 2 . 7. ) Line a r nr ohabllity (LP) 

F (w ) . '" 
I')Tobi t node! : 

F(w) = ~ (w ) 

Lop-it r:lo.!cl : 

Jlloc1cl : 

- t 2;; 
III ·~l l Iii1 e dt = 1 
- " 

w e . E . __ 

\"I l +e 

For '\I"EXi ' S, t he linear -roDaLili t y !TIC:lc ] has an obvious defec t in 

that Xi ' B i s not ccn~ tra iJ~lic loE. t\;.'CCD 0 anc.l 1 as a urobability shoul d . 

Though t.~is defec t can he correct;;.j l y rlefining 

1 j f X· ' S,. l 
1 

( 2 . 3) F • I X ' 16 i< O<x · ' 8<1 
1 - 1 -

0 if Xi ' 8<O 
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( 2 . ) y. ... X' 16 + U· 
1 , 1 

}'~grc:ssion r'f') ri cl 'i irc~ " CU.;) ~ V(y ,,) '" x . I B (I - x· I e), us i n J' 
.... 1 ~ 

t :le var i ance fo r mula for a ~ ~ r nm i a l v a r i abl~ , pTovi~ e d OcRel . 

The Least Squa r e (Ln metho'" y i c ltJs consiste nt a ,1 u11 1d a s cd 

es tima~e s of B and t he we i Rht cd l east squ~res (WL~ ) meth od 

yie lds consistent and as spmtotical l y more e f fec i e nt 

e stiwa te s of S. Howc ve:r, no; the r LS nor \IlLS r.a: thod a void 

t:hc i !1he r cnt we a kne ss of t he r"orlcl , he t roscc ·la s t i c i t y . The 

'J/L~ oroce -tur e f:li i s i f t ·~ corclition Oc '{ . 113 <1 is r..OL. lT1et . , 
I t i s he tter t o usc LS rathe r thnn l'tLS . J'owever, wo s hould 

be aware t he .fact t ha t '~h"" s t an rl a r d dc viat"oTls of the LS 

e stimates riv ·~ r by t he $ _ ~.~I Ja To I. S nr opram .:t T (. biase..J because 

of t he het r osccdastic ity (7 1 • 

The orob :1b i1it y fUTlct '0" uc;et l {('I T th e nrobi t r. locie l is 

t ha $tart da rrl. n o rM~l ,listrHution f unct ion , and tho l O!,i t 

mode l h as llsed th e lo~istlC d i s triLu tion +lIncti on . Poth 

(j j.s tri btltion function s a r boun rle rl bct\\feen 0 and 1 , a nd a r e 

s ym!ne tr ic a Y' ound O. ~ :ra r OM v?r iar 1e f roJ'l the nro~' t mode l 

and l ogit model has variance 1 anrl 11 7'3 r espectivelY. 

If we cons i de r , tra~s io rmcc l or. ist ic rl i stri buti on 

such a s 

( 2 . 5) LA (,,) • 
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\-03 c an mok c t h(' mo ll..!l to c Jos~ly 3n1)TO xil'lat ~ 1"~e stand-

~rd norm:t} rtiStTibu ion Ly chcos i T'lP ::I ~ anf'lTo"'lriat e val ue of 

~ over a \o ' jd no~ain . Ame:tya (19 31) has s li m-In that A" ]. 6 

i . e . L1•6 is ~ poarl aonroximatc . 

Re sults f r om the "1;'/10 ''It)·J rls (nro bi t a nd loCit ) are simi l ar • 

Because of t.he close si'nilBl"i ty of the two distribution , it 

is diff icult t o cHst i np; USll he tween th fJm statistica l y unless 

one has extreme l y large lIUtno t:! T o f obse rvation s (chambe r s anr!. 

Cox , 197 6) . Thus i n t he uniV3Tiate dicho t onous ,~ o~e J, it 

dop.s not matte r Much whe ther one use s a nrob i t model or a 

l ogit model J exccn t i n t: a se s ,'. here datn arc he av ily concent 

rated in the ta il s duo ... G t ;,Q c harac tcrstic s of t ile rrobl lJms 

stuA:led [2 ] .. 

As ShOWll i n A~enya (1 93!) , i ~ e is he estimate of S. 

then a~r roxi ma te ly 
A • 

(2 . 6) 1. 6 o . 
A 

wi-. :;! r e SO i s cstirnDte of th e cocff i c j e nt i n the orob i t 
A 

mod~l and BL o f the legit model. Thi s o rJTl u l a i s useful if 

one is ncedcci a Quick \'fRY to c or.ma r e nr olit and logi t models . 

I n general 

A 

( 2 . 7) e '0 . 46. 
L" 

A 

where SLn E: estil1'atc of B for t he Ln model ( e xce ~t the cons t-. 
ar~t ter oo) IS n:: O . 48~ +O . 5 fOT t he con s ant tc !"'l' , an" 

L. 
A 

(2 . a ) BLn ·o . 25 
A 

PC",0 . 25 

• 

B + 
L 

(excert f t' r the constan t tC Tr.I) 

. ~ f o r t ile con s tan t t e r , .• 
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TiI~ above ~lV\!S u:; ;l ".: l ick anrl roup, annrox il'll8t ion . 

·owev?r , to c omf\arc nT OI1R. i~i~ lfy functions of ..,Ji.f='£t!n- nt 

l'oG0 1s, i t i s fcncr <t lly bet1~e r t n con;':1rC nr obab n i t )' 

e ven after an 3f'p r onr ia\:e conversion r2~ . 

An al teT na ti " e way of C Ol"" lH\ r inl' rj iffe rent models is to 

look at the deriva tive oc the nTouab i l ities , ... ith re~rcc t to 

a particular indencnd cnt varia bl e . Let 1 t " e >, t h x ik)e " 

el ement of xi and Pk b the kth e lcT'lcnt Tl len, the 

de rivatives for th e three nrobabil i ty Model s are give n by 

(2 . 9 J 

wh~re tfJ is t he s tand arrl .,orma l densi t y functi on . I f , in 

t he above , the ripht- h3f.11 5 iel e eval ua tecl aT. Xi ' f\o::Q , ( 2 . 7) 

and (2 . 8) ,,'ll! be aOJ"l ro xi :nate 1y obtainerl . 

As i t i s cxnlajned in ~rrc my~ (1931) , si mila ri ty between 

the Drot- i t ' IL an (l l~ n _ 'rL." e«:'i:irntC's is no ted by Hil l (1979) <1 n,.l 
a si'7.!lp rity bot ... 'ucn t 'l~ 10 .i t I fL :t r.::' L .... - LS estin."''''es 1s note 

by wil '·nskr and Rossiter (1978) . 

i~o" let us consitier ho',1 Con !1o-ie l s arc suec if ieA in 

econom i c anplication s. '":r:o;lorists assune th '".t a~ economi c 
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~\.·I- POSC a CCWSlI'11H ;} ~ ., b'o alte rnatives to s:;1tis fy his 

need , sa y mafiC's (Mode 0 .,!~ 1) t1f'-i 5U 'l N '". SC t;l e u t U: t y i s a 

flJnctlon of the morle C:1J,r1;cte rstics 2 , -t p". ivi '.!. l 'll l ::, ~ocio -

ec onom i c c harac t ers tics "', pJ us an arl. ,litive c rOT te rm p . 

\', d f ' U 1 U th,c "th ,e e 1J1 e io ant il as pe rs on ind irect utj lities 

as soc i a ted "lith mod o t') And fIloclc 1 re srec tivel y . Assum insz 

linear function ~e have 

U . .. a +2.. ' (3 +w. ' y +E;. 
1 0 0 10 1 0 10 

(2 . 10 ) 

ut ili ty functi on can be ?res ented fo r t he ocne r nl case as 

U :IE II .'. £: • • 
ij ij' lJ 

1:1 , . .. ,n 

j .. O, l 

where lJij i s non-stoel-astic functi on of the eXfl l e.natory 

v~ ri p.. hles . 

The basic assumntion is i nd i vi unl i chooses mode l 1 

i f Ui1 "U i o 
(1 0 ,1 model 0 \', U J be c hoosen if l'io > Uil ' If >'. 

as sume Eil nn(l E ' 
10 

t o b :ont jnuoll s ranri on va riab l es and 

'f' ae .: l r.e 

ply. · 1) • p (I iJ > U, ) 
1 1 0 

( 2 . 11) • P (~ il+ t il>~io+ c i O) ~ene ra l case 

• net . - t' l<~ 'l - v' ) 10 l _ 1 10 

" ;' ( ~ il - ". ) 1 0 

w'neTe " is t he d istr i~ution fu nc tion of t io - til ' 
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~- o 1,hat dis t ,-il' utiol' QllC assur-es t o (. - c · . ~nr e xtlPlo l c ;! 
I f') 11 

nrobi'!: (lo(Ti t) mode l :::lri.'ics~rom :ts!' uni np ror"la ) (lorist i c ) 

1 istrli;ution for t. - €. , . 
10 ' J. 

2 • 2 Estimati.on ;\lI'i J'YDot\H~!; i s Tr. st.irf' 

Let v he a dich n tOJ!l('!"S ilP"'f"rtient v:triahlc an'; x be a 

vector C'~ ind e nend e nt vrtTiablcs . I,re wi ll a ssociat.e t he 

event th nt the vector (y , x ' ) tates on n pnrti clIlar vecto r 

value wi tt- t he \oro r d cel l . 

T,' c e st iMatioTl of f}~ ll'~d e ) i s sir-plcr i f- there a r e many 

obscpr(lt i ons (~)('\) neT ceU. The cas!'" of f"'!ttny ob s'!rvations 

ocr cell ~ocs~ l t occur ( aryo~ar) freouent]v , ry a r ticular l y in 

econoJTIic al"''O J ic ;J. tionc; I7.1 . 

Th e '~L cstifl'~tOT c an JC USC(l either tn th~ cas '" ('!f Few 

obser vat io ns nC T cell or fila" y c)-·servations n er cell, whe r e 

a s the JTl i rdJ'luJTl x 2 Cfln be effeC" tivl"Jv us:e rl nn l y i fl t l')e case 

of I!Hl!l )' obs CTv<ltl Ol1S T'le T C (~U . 
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• 

( 

( i) r:C H ob serv ~,tions pe r cel l 

ML e5 timator 

(2 . 12 ) 

The l'llaximu Jr. I l t;f: l i .1oo(! f uncti(m is ~ iven by 

whe r e y. = 0 C' T 1 
1 

awl its na t ural l opf' TithPl 

n 

11 

( 2 . 1 3) i" r y i l o ~ 
i-I 

n 
" (x. ' B) - • ( l-Y·) 

1 i '"' 1 1 
log(l - F( x. ' 6)] 

1 

. 
The '''IL es t imator 6

HL 
i s ctcfincrt as t he va.ue of B t ho t 

maxi in izcs eit her ( 2 . 12) or (2 . 1 3) . Di ffe r en t i :\ ".:ing l with 

re spect tCl the co l uMn v ectOl E y i elrls a colul"ln vecto r of 

deriv.:].tives . 

(2 . 14) 
n y. -F {x. ' 6) 

i : l-""'"T(X"",-. 'i"-i "'p)rr[lr':'-;f"("X;-i"-:;S")'J £ (xi ' 6) xi 

",here f denotes t he d ~ ri v,.. t ivc of F . Tn case of 'Or ob i t 

P=. 41, f::: $ and in case of t !:c l O?, it F =L , f .. L( 1-L) . 6 :>..4 L is 
a solu t ior of the eouation . 

( 2 . 15) = 0 

: i nc e (2. 15) is non - l ine ~ r in 6. th e ~lL e s ti~ato r has 

to be ottai ne~ by an itera tive mc t flod . In orde r t o ~ efine 

a n in te rative me th od ~s l'1c '. 1 <' s t o derive th e a s sYJ'i'I '!)to ti c 

v a ri anc e - c ovaria nc e r- 1trix, ' I·C need t he Sp.co~'; c r ~ e r 

deriv a tjv e s of t. anti t !!c': 1' 2:t r ectntion . ') i ff crentiatir.p the 
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Ii 

JZ 

coluJ!'!' Ycct('l r at / ap , i-l! Tt!c; ."ct to t"{l rov "OCLOT a y i elils 

a r;~ tTi x 0& $ccond or ler t , ~ jVRtlVP.5 . 

( 1 . 16) --;qr2(:-:-'a-) - -r-J-_-r-;-:-:'-:-p)-!T2j fl (X> 16)x.x. ' 
l 1 I 

t.lh Fre £ I i s t he .ler i va t ive of f . Tak ino t he expec ta t ion of 

(2 . 16) >Ie .. et 

(2 . 1 7) 

I t is "1elJ known t hat un<' CT I?cnc r nl con 'li tions the 

rnaXi JllLim l ike lihoo r:l ~ st im8c.or is consistent ant! a ssymntotical l y 

norn'al ~J i th variance c ova r ianc e matrix .. (E iJ2l,J (l s a,s,) -1. 

( Gee Dobson, 1 ~fl3 ) . T'1c refore 

(2 . 18 ) 
[ 

2 ] -1 _ n f(x, ' S) 

V(e~IL) = ,r ~ (x"~ )Il~F(x, ' S )l X ixi ' 
] <11 1 1 

• 
An estimate of V( Sr' ,) i s o~t1. ined by eV111.lat·n~ (2 .1 8) 

• 

2 . tI It e r a t ion 

The th'Q nos t cOl:'lrlonl y usee' i te r ative me thods for ca l cu -

13tin~ the ML e stiMato r ar '3 I Ne\l ton - Ranh son" 'TIethorl and 
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. 
SLeOT' '! r eL1n i (' st if'la 082 . .... cach r·c t \tod i s (lcfine""~ Fn110ws: 

(1. . 20 ) Let hod of s co rinp : 

. . [ "t ]-1 ~ 2 " 61 - { E -.r-a1 ~ } 
B G' 1 

The t h ird -rou nd , four t h - round , etc . are to be eva l ua ted 

using the above ~roc c~u r e . Gene ra l forMu l a can be giv n fo r 

cacJ-, iter2 tion r.etho-l ( )ooson. 19f13) [111 . 

(2 . 21) New t. nn- 'la'Jh son 

(2 . 22) Method of sco rinp : 

hem) = b(m- 1) + [ I (m-ll j - 1u (P. - 1l 

() a't 
1 m

-
I = - {Fa a ,l le"b (m -I) 

e 6 
",here 

, j=l, . .. ,0 u_" 
J 

I ~ information natrix 

The method of scor ing cnn be rC\o,'ri t e l" ;IS 
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I, 
I , 

II iOIj IhI 
!! II. 
i iii 

II',· I ~ 

-
l ~ 

. . 
( 2 . 2 3 ) [~l ... " x .' [ y . -r..+f/ ~f?ll 

r , (1 -F.) 1 J. 1 J • 
1 1 

.. ... ... " 
jo' 'e r a F

i
"r.( X

i
' 61 ) and f af cY i ' B1 ) 

a nd fron ( 2 . 4 ) Yi = F (Xi ' B) 

V (U; ) " F ( ~ i ' B )(J - F(Xi' ~ )) ' 

(ii) ~any o ~s erv a t ion per cel l 

t"L ~,le thods as we ll as JHn x2mE' t hod ca n t-o e a n., i cc! . lI e \\'ill 

not cons id e r her e the c ~ s e of ma ny observation ~er cell. 

2 '" . , Te s t s of Ilynothc s is 

Te s t s 0(' :l e cnc!' 1 1 l i n e:1T h:-"'lo thcsi.s 0": t h~ fOTIT' 

( 7. . 24 ) Q' a • ,-. 

wh e r e ( I i t; rn xk r :t tri x 0: ~ . O" n C O'['lS" ;1 n ts (k bc i nr th e numbe r 

of el pr'.Cnts of e ) and C i s [,n r'l vector 0'" knr)wn c onst ants. 

Assumi np th a t m<k and m r o .. ~ of 0 ' ~re linea r ],y in~ef end ent . 

For TJz l, to t es t the hyoctl:esis 

La : ('l I e'"" C 

t he t est i s ba sed on 

(2 . 25) 

.. . 
\-,he r e v e '" cons i st;en t ,.:s t ima to r ('If t he as ynnto tic v ri :mc c va 

and A s t~ n~ s fOT asy~~tQt ir a l ] y . 
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'.,n ·'? r c t de notes s t Jd C'n ts t ~ i s t r i bution Hi t :, ". - r T, - k 

of' fr eec om • 

t: or m>l, rH('I tc ., ts ,·i IJ. he c on s i c1er cd 

i) 'vald ' s t est 

ii) The like lihood r at io t e st (I.~T) . 

WaJri ' 5 t e s t c an b{) us ed in c onnection with a ny estima­

to :- ~ where as th e L1 T mu s t be I~ased on ei ther t oe t·1L est i Ma -

tor or a ny estina t o r ',ritI1 t . I;: s ame 3sYl1n t otic d is t r i bu tion . 

I n usinr these tests we ~ st 2 11~avs assum~ th~ t the Rl ter ­

n ative h yno t hcsis c' are . Tiou~h t hese t es t S a r e ·m Ijd eve n 

'''r.er.. m=l . 

(2 . 2'1) ~ald - (n ' ~ -c ) ' [r ' (~ i ) 0 J -l (n · i -s ) 

A 
, X' 

Tn 

The hynothes i s i s to be r e jec t ed i f th e va lue of th e 

stat i s tic cxcee~s a n \ ~sCT ibe~ cr i t i ca l vallie . 

Th e likelihood T(\ t i o i :; c!ef i ned by 

. . 
(2 . 23 ) L~ T • 2[ t ( ~; 'L ) - 1(~OiL )J 

~ X2 

• 
Hh e r e SCHL c- oJ not es t he cons trainpd f11 3x i "'IlM like lihood (C fl.) 

F's tima t c r. 
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2 . 3 Cno i ce 0 & Mode ls 

It i <; no pd that ttl ... ; Tol i antI Iorit J":()l r 15 usu l.dJy 

piv~, !:'rnilaT "es ul t s '1':10. •• 1; is rlifFictllt tr :':~t±nauish t hem 

')t3.t)....it i ca ll v 12 ' . I -I Ol'~VC 1·. I i mi o norinnne (1979) , 22' has 

5u F! gast:ed th e fo llowin,; ii. :d. 5 cC"ocludin .1! Tf'Tr.lr ks ')f r esea rch 

-:"or k on " coJl'ln;Jris on o f TlOl'TnA. 1. .mel lop i stic noie1s in he 

biv~rate 1ichotomou s 1.nalysis ." 

The orir:i nnl obj ective was to comna Te relative ncrform­

::.lncos of tinc '3 nrobabil 'ty models: the ]on ist;cs, normal and 

line:.:tr rr.odc]s . However, th ! ]jn .. :tr morlel "laS Fo\,mri to be 

far inferi o r to t he ot1\cr t'"'O models . Then t ltc r e s ea r ch is 

con fin ed to th~ cOJTIoari50n [, F the nOT na.l and lo~istic Mode l s . 

Us inr: Cox - test , t he cx'Op. r i ncnt shows th1t the st:mrl;trd 

er r or of cst i l"ltttc.-l coe ~_;ic i...r ts of the normal (rrobit) model 

tend to be snallcr than tio3e of thr IOf'!lstic rloo1el . This 

ha ::; ::Il so been s upport.;)'; by C;OP'C nUMe rical cOM:r;>ar isons of 

p;ener ::.'!.l i zcd v1ria ncc of eZ l:iJ'!lDtn r s . (lol'lever, "o re resear ch 

i 5 r equ i r ed to see thi s asre~t of c omryar i son in de t a i l . 

SOJ'l'e criterion I"ay he r. us in choosinr ai'('In!:! c omop.tOnp, models . 
, 

Some of t he crite rion are r .... , nunber of ,,,r a n I! t>ref' ict i on, 

StH'!", of sQua r ed rC"siciull s (SEP ) . soua r ed correlation coeffi -

c i ent, e t c . 

bxccnt the s(,lIa r c~ c')rrela t ion coefficie n t and the l OJ! 

l i kelihood fun c tion . \>/e have to choose the nodel for which . 
t h(., v1>.!ue o f t he c ri terion is sMallest . In t r,e I)sss:\p,e, F i 
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. 
-1E:. (~('\ tes r.(X i ' B) Wil Cr C f.:. j,, !: \>rjiltevc r cs t iM'ltor 'S oe; ~ used . 

(2 . 29 ) 

,.1:tere 

- nUMb~r "c 'I-'TOn l'T DTPl i c tions : 

n . ) 2 
t (v . _y. 

i "' l 1 • 

• 1 
y. - ( , 

, J 

• 
;f ".>! 
'f p" ' <j 1 .. ) 

The value g ives t !le n utllbC:T oJ: \>'"TOnfl nrc -l ict i ons because 

• 2 
(y. - y .) : 1 

1 1 
if and onl ~' 

. 
if y . J , . • ] r . 1 

I. rraior d i s ad v ::l n t ,., .... e is th i1 t if we are -:l 3. 1 i rg with no 

e v ent \·;1: ich han .... clls \.>!it .... '1.jrh n r o!nb ili ty (e[t 4 3 Iila ll wo rk­

ing ) ,.)r (\ l ow nrobabi li 'Cy (eg . 3. '1crson i!:Jfili1!ra t inr), flIast 

Fodel s "il l do \ 'c l l by t11is c r iterion (2 1
• 

SUIT of soua r ed T ~s j r1u.llls (::-~ rt.) : 

(2 . 30 ) 
n • 2 
t (v. - ".) 

. 1 1 1 
1 " 

This cr iterion ~ oes not S ll~fer Fr0n t i!e def i ciency 

of t he nunbcr of wron , l~c~ ict jon s . Thi s i s a n~tur a l 

criterion , since it corTp.S.,orcls t o rhe sun c f s ou r ed 

residua ls in the st81l':iar·1 rl)P Tc so:; ion no(tel, fro ""hich ttl 

is de rh·crl . i!o\,Il"VCr , if"s use in ('II{ l'Iode l s C1nnot be defined 

as stTon~ ~s i n t he stan~? r~ T e? re s s i~n Dodel beca use 3 

O~ moci~ l i s essentially a hotrosce~ astic r ec r essiop wode ] 

[1] . Ef ron (19 7S) deFends (2 . 30) f r om a c e rtain axi o~atic 

t)oint of vic"' and su5tgests an anr\]op-ue of n
2 

defi ed by 
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• 

( 2 . 31 ) - , .,,' I· 'r(' n s ""1 -

n ' 2 r. (y. , r.) 
1= 1 ) 1 

o _ 2 
t (v. - y) 

i e ] 1 

- SS~ we iohtcd bv cst i~at ed nrobabili i C5 : 

( 2 . 32 ) 

, 2 
n (y . - ~ .) 
.. . 1 1 f. .. .. 

i - I ".(l_r.) 
! 1 

18 

For t\\,o reason s we !) Tefe r t hj s c r i t e rion to the un-

we ignt ~r SST?,.. PiT s t, if the t rue nr ol'ab i l it i es we r e known 

and u ser' in the denoT'l in s tor iT s t cacl 04= the es t im~te-i PTo bR. -

bilities , the ~ ini~i z ~ti on o~ th e a ~ovc c r i t e r ion wi th 

re s oect t o B y i e l ds t he C!itilllff t OT of B lihich i s s , mT' totic­

a lly me e f f i e i en t t han th:'!.t nt- tainert by th e 'l'I inimizat ion 

of the un - we i ltht etJ S~t{ . Secont , i t seerls r C1 so nah l c to 

3ttac h a hir her loss t o th e CTT or ma~ p i n PT c j ict in~ a 

T?ndorr. va ri al-l c \" j th ~ srr. '1~. l er va ri a nc e s ince such Ii 

r andom vil riab l c shoul:l b~ eas :i e r to nred ict t han t he ('Ine 

\>iith a l a r p.e r viuia nc e . Thu s , i t seens r ea son abl e to 

\<le igh tl e s (1uar ed e rr or by a ,\e i pht wh i c h is invers e l y 

u ro~o r tional t o the v3ria r cc . 
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• 

( t. . I') 

corT<' 1., t 1nl' c cc £-'''~. ,-i e n t: 

[ " _. Z 
E { v. _ ., ) " .] 

. 1 " 1=1 -
n _ 2 n " - 2 
r ( y .-y) r (P.- F) 

'i =l 1 i 1 ~ 

19 

Th i s fTlcasur e i s closdl y rcl nte 1 to the un··weigh ted 

ssrr ( 230), the s ~me c r i t is ism ~rplios to t Ile s~uar ed co rre­

l at ion c oefficient ~s t o seR . 

- !.og l ir. c l i hooc fu nct ion : 

(2 . 34 ) 
n 

!=rr{y l op 
i " l 1 

• • 
F . + (1 - y.) log (1 - C.. )J 

J 1 1 

. . 
l'l1er c Fi !l ~ r e s")ecif:c;'llly ~eno tes F (x i ' S,.rj1. ) ' TJds 

i t is esrecia lly su i t 1~l e fo r compa r ison of ~ if er cnt 

numbers o f p 'lT ;'l )'leter s . :--u'Oflos e we wlt nt to choose be t wee n 

th e: unc onstr'l inc(\ MoricI i n "ll'dch the k- component Dararne t er 

vector 8 is a llowed t o v Ol ry f'r C'cly nne t he constr a i ned tJlode l 

in wb i ch e i s s ubjec t to a. linear c ons t r aints ('. 1 6=( , 

( q "" nurr.be r of con s t Ti1 i n ts) . One should c h('\05e t~e unc ons­

trained ",ode l if and only i Zrl{ Rt IL) - l{SoouJ J is gr e' ter 

t han the at critical v31u e of 

2 ." ""u1ti-res1)onsc Ho:lel !i 

x2 
o 

AS ~)l.: m ing t hat the deJ,lcnrlert vilTia ble Yi t ak es rr i +! 

va lues 0, 1 , 2 , .. . ,"\. J, pe:le:'111 nult i - resflonse QR Irode ] cnn 

be writ t en as 



2 

• 

t, , 

? lY· .. j) .. r. . . eX' e) 
] 1 J ' 

i • l,2, ... ,n ~ nd 

'''~l el'e X" ilnrl e 1l"C vec t ors of jndc:>en"cnt vtlri ll ole:; ~nd 

nOT Pneters re spec tive l y . 

Jef ini nr: 

(2 . 36) 

n 
E (m.+l ) b in ~ry var iab le s 

i''' 1 1 

Yij' ( ~ 
if Yi ~ j 

if y. n 
1 

i • l,2 , •.. , n an~ 

j • O,l, ••. ,mi 

Th e like lihood functi on of ft oc1e l (2 . 35) i s g i ven as 

( 2 . 37) 
n 

LF = ~ 
i :: l 

i.i]. y .. 
IT ':.. 1) 

j:O 1 J 

Ceneral r esults abou t t he <'.l syrptot i c elis r ihll tion ~.nd 

20 

the ite r'l tive methQrJs concern in p. '11. es tiw3 tj on dic;cusse-:' 

urev i ously a~pl y for the OTC $C n t ~odc l. 

2 .S Jno r de rerl In rlepenrJent Lorjt :odel 

By s necifyin~ t he .,rob~ L ility function ( l . 35) fo r 

... certain i fo r which lTl i - 2 ( !:re case o f l arger l!: i \>'1 11 

be inf er red from th t'" fol l owinr) . \" rj tin"" 

0i j ... ry (Yi"J), ~ "'0 , 1 a nrt 2 , 

the t hree ~ robabilitie s ~rc sreci fi e~ by 
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• 

Zl 

X I : p 

( 2 . 3P) 
, . , 

P
i Z 

• --::-r X i . t3 X q 6 
' 2 

I " + , 

X I . P 

(2 . 39 ) nil • 
e :! 1 

x'u a X· n 
I+ e 

1 2 
+0 

(2 . 40 ) n iO • J 
x 'j l B X' iZ P 

I· e +c 

A verv if'lf'C r t'''lt "'SlI 't cf lfcF.ldden (1974), j/h:ch 

s ho"':. 'l ow t he linf' ':'"d c r e l i nr' c e nd ent lof'it no lel is i e ri v -

'1l;. le Fron 'J il'ty T!'I<!xi.m z'1ti on . $unl'ose t hat " oa rt icu l a r 

i nr1 ivi.J ual i I-,!Iose !Jtil ltics ~ssoc iated ,d th thr ee a l t e r-

nat ives 

(2 . 41) "lJ , · "['. j 1J 

j .. 0,1,2 i · 1, 2 , ... , n 

}'!1ere lJ ., is a nons toc ~ll~stic function of explannto r y 
1] 

v' Ti at~es anJ un known Dara~e teTs ~ nl [ij i~ 1" ~nO~5e rv-
able raT.dojl'l variable . 'c acd en prove t! that letinp ( , (o r 

l 

E
ij

, tha t the nodcl of t he f orn (2 . 3 8) - (2 ~4 0) is ~ ~ r ived 

~rom ut i l ity rn~xina~tio~ if and only if {e i ' a rc i nt e nen~ -

ent 3.l1 r1 t he rlistri1::ution f Ullction 0" c j i~ "ive n 1;., ( -c . ) -e J • 

Th i s dis t:riru tion is c all f"'·i Tyl"l e I cxtre,.,e v'l I'Ie d i.stribution , 

or l o g 1- '~ibull -Ji s tr ibutiop, l y ohnson nnd Kot z (l:l70 ... r . Z72) . 
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Ocnotin r, thi s rl e~sjtv by £ ( . ) , 

• ( 2 . 42 ) "(v"Z) • "( ,1. 2 ' [" 1' UiZ , Di O) 
I 1 . 1 

f 

" (y.-l) -P (J i1 >I' i 2 ' Ui1"Uj ) 
1 

n (y.=O) = u ( J · ... >i.. · 2 ' u iO,U il ) 
1 I v 1 

, I' 

-C2 - lJ 2 +\l l 
exn(-e ) . 

_c 

= 
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I I I SO'T f c-'LiC.6110n: 0 '" Tl1E QR I 

0ua l itative '~es"1onc:: " oclt"ls 'lrc <It'lnlirr'l on v ~_"iOti'; 

fi~ lJs) some are cons '~ ~TC~ in thi~ c~art e r . 

1. Lee nnd [JAW. (J 51. 

Th e ourpos c he r e 'i s to es tim.1tc t he anO'lflt of Gu thi on 

r e sidue Dr esent i n t he test or eonra ti oll , fo r comnaTison, 

thp. sta nda r d or cT'<l Tntion f;ut hion i s narlc to tont in a given 

amount of c on t r ol ex t T'1ct in o r de r t ha t the "asking effec t 

t1 ue t o pl a n t 1 i r i ds ani'! other inact i ve substance s cre scn t 

in th e tes t pr C03 r 3 t i :m be t he s a ne fo r both n r cna r 1.l tions . 

~l l doses of the t es t ;'reoer t i nn cont a in th e same totn l 

aJilount of ninot extr ~ct , onc ra rt due to the t est exet r ac t 

~t~elf , a nd one ra r t ~ue to the cont r ol ext r 1ct ad~ed . 

The f1 i.e5 "/cre obse rv ed :J. t 17 hOUTS eX'losu r c to coun t t ho 

nUMbers ~ l i ve , mor ibund , ~nd dc~d r es cc i ve l y . 

A t es t us in~ mi nimum x2 es ti~Ate t ha t (the hyoot hes is ) 

the slope o f moribu nd and rieac;i <1rc eouA l US 1 "l g tricho to ­

mo u s '1i od f'l o r nooling mor·bund \." i t 11 dead using orobi t t r a ns ­

formatio n (normi t) an1 logit tr ans orMa ti on lead to a 

simi lar resu l t. 

Co nc lusion 

I f t he r c snonse i l . .. bi (ll('1 ,! iclL <1SS3Y is polycho tonous, 

i~ i s Mere eff i c i ent to use th i s in fo r ma tion exnlic itly in 
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'lr 1. ::"jz:' ng the ,J ,q tfl T'l th er t :iar. noo) eeT ain outCO r.l 5 in 

orde r to mal:e t he respor sp. dirhotor.Jous . 

2 . Hu tc hens ' ElIlne ric al WC"' L[J71 

Ut ili ze s da t a on £eiTI:11e heads \o.'i th chil 1r on dr m"Jl froPl 

t h e " :! ichi ga n" da t a an~ is r estricted to 20 s t " t es with 

la r ge AFDC (A id t o Family ... li t h DCTle ndcn t Chil ri r e n ) nanul o-

tion s . Py!,)othes e: s we r e teste d throll~ h r.l<lX i MUII'\ l i ke lihood 

esti!T;ation of l og i s tic mari e ] of the cO TM 

Hhere P is the pTob:l: bili t y 0.(' r cmar rj a(!c ove r two ye TS , 

X i s ~ vector of exogen~ ou s vflri3bl c find R i s ~ vector of 

es tima ted coe(f j c i ent s . 

Th e pr o bab ility o r ,\"=0 r eceipt in J970 was e s t i mated 

wi t h a log i s tic f unc ion , The cs t i :na r erl model i s 

(1. 2213) (2 . 5355) (2 .0806) (2. 8172) 

(0 .1'281) (0.51559) (2. 776) 

• O. 03715X7 • 0 . 896iXg 

(1. 2679) (3. 3910) 
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whe re P : the orot~b iljt y of AFnC T eCe)p~ 

Xl = the lI :" p ~ r ;t t e 

X2 ; non-wef, inco~e 

X,3 = AFiJi: ,u"\;-:ont ce 

:':: 4 '" Ar. J) C bT Jr).1<-r] ('I lI' n 

Xs ., no earnings (binary var iabl e ) 

X6 ,. a r c of £er:lale heno 

Z5 

X7 = or csensc of ch 'lrl r en under five (bi n ~ r y 
va r i abl e ) 

Xs '" Va r i ~ble inc l ud i np rl isat ili t y (bina r y v a ri a~ l c ) 

The €:1J'!'Cri c a l Tcs ul t s sho \'/P-d t ha t Af DC t r 1ns f ers rc u c t he 

pr obabi li ty of r em~ rr ia ~e . 

Conclud in r. Rena r ks 

Theo re tic nll y , AFDC tr ansfe r s shou ld Te'luce the p r oba -

t j!ity of nnr t i c i l' 3ti o, i n mar i t a l sc ~rc h nn1 inc r ease t he 

0urG>.t i o n o f s e a Te h f o r felne- I e il Ctl d s with children . Bo th 

effects wil l t enrl to reriuce the or obab ilit y of re~D rri agc 

over a short time ne r iod . The ennir ica l wo r k crescn cd he r e 

indicat es tha t aninCr C? S6 in t he level of th e AFJC does 

i ndeed r ed uc e th e orobability of r cnar ri 'l$l.e ove r two yea r s . 

3 . J.i (19 i7) [21 J 

Co ns i der t he d i s t ribut i or be t ween the housing consurp ­

tion of honeownc r s h '~ and r e~ t e r . Ther e a r e a 13T~e ~~r 

of s tudies f oc li s i nr. on the c: xf'l ana ti on or housing te nure 
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~Ll out t he na t ur e of ho ~i!'~ C(\ll sUm!')t i on . I ncome , (""'11 y 

s l ze, ::l.re cf head, a:d !,'='C~ of he a l a r c I'cncrRl) y foun ' 

to be primar l y d c t e r mi:l -:r. '(.5 of honc lll" nc rsh i .., . 

Pr e viou s stud i es, hQl<'8VCr , hHVC crr.olnye I a j 'nea rl y 

add it i v e r e p.ress io n mod el h1.v jn~ n dicho t o>loU S (0 a nd 1) 

r!c l'Jendent vrlriJ.bl c . which is incon sist~nt Io.'} h 'the xoecta -

tion of non-linea r ef fect s an(1 in t e r ac tion e ffec ts because 

t r.e nr otability i s bO 'Jm1 btn . 0 ann 1 . Exis ting th eory of 

housing c on su!'ll" tion also s'~~ .es t s tha t ce r tain i n t erac t-

~d on eff e c t s should not be ' gnored . I t i s, t he r e for e , 

imner a t ive to t est if s i gnif i ca nt in te ract i ons ex i s t . 

i) t.e t wc e n a ge o f l l e ~ d en.{ ( a mi l y size 3S StlPF.cstcrl 

by the li fc -cyc l~ hypothes i s ; 

i i) b(;! t\oic cn f amily si ze and inc OInc r es ul t i ng f r olJ1 t he 

butl;,e~t c ons traint; 

ii i) be t ween ar e of head and incoPle beca us e the ir j o int 

e f fe c t ffi3Y se r ve a s a or oxy fo r wea lth , and 

I v) be tween rac e a ni i ncoMe bec"usc of bo t h t he i nc ome 

ef fect and t he substi tu ti on on th e consumu i on 0 

b l ac k hOll s e ho l d .; t ha t fa ce :t h i r.he r r e l a tive ri ce 

fo r hou s jn ~ ~s ~ r esul t o f r~ c i ;t l d is c r i~ir 8 t ion. 

The author adonted t he loni t mo rte l fo r th e ana l ys i s 

of home("l1me r sh i n . Th~ Be r ksor-The i1 Me t hod , wh icn emo loyes 

the c e U fTO f1 Uenc y di str i bu-t:ion tn 'l e r i ve the logit es ti ­

f.'~te t is ::tsymp t ot i call)' ~cuiva lcnt t o t he l1;txin. urn likcti ­

n O(l ci ~r cc edur c on c orn"')uta+iQna l r. r ound . By n monoton i c 
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tr ,~:J. s i(, rna t i o r. 0 " (\, nr ob .. 1 l. ' i t v : •. t \'inf' q,l l t · T"l p, ' Cr .1) 

1:0 a l op it hn vi nr i n f i 1 te r -;: J1,P C ( - . ~ .. ) , he no ler· o f 

h·: tro~ C~~ 3 st ic ity i n t~~ ~~ r r r t e rm 3~ s oc i3 t C . ' W=tl ~ 

TC[ TC S '5 i on !~t1V i n r a rl. i.cl lc i'Omrt15 c CDcndc f1 t v ~ r i b 1 e i'i 

C!vo id ~Ll . ~nec i£icR I Iy , t •• e ler i i s de i np", '1 S t ne na t ur a l 

10e a Ti tr r.1 ic v."t lue of t P. odels in (nvor of n I')os i t i ve 

r e s ponse , that is 

P; 
~"R + 6X. 
J - l) , 0 

1 

whe r e :'1 . i s cond j tion~l T') r ob " l j Ji t y o f a nos i t i ve r e s ons e , 
wit :i c ha r ac tc r s tic Xi' an a ' s a r e na r 3T"e t e r s . It c; r3s l y 

s ef:n tl"" a t 

1 
9i .. 1+C- { Po+6Yj J 

Si nce t he true la r,i t Li i s no t obs e rved . 

wh~r e 

L. , :: l og + u. 
1 

f i : the obser ved r el a t i ve fr equc c y in 

cell i . 

. u. ~ L. -L. is the e r ror teT~ , " 
',-he r e f . a 5yrn..,tc tic :tll y 

1 
tie " · . p. (l - p ,. )) 1 , 

: r e , 

F (U.) 
1 

£: (l- f ; ) 
• o . (U. ) ' ~l -:,--'-

1 n i 

Tr.c rcne r ~ ] i zcd l enst squa res 

in ~1t rix not at ion, r i ven by 

( r.Ln es tima t or s of 8 
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e rr or term . 

A s t anda r d c ll i - square test for tcs tin~ the vali ity 

of the loy, it spec ification can be obtained f r om the d i s ­

c r iDsnc ie s bI n t ile ob served re l ative freaucllcies and th e 

e SLimatc(1 pr obabil i ti es . That i s fo r l aq~e sample based 

on e qua t ion C·), 

"li th d eF'TCCS of fr <J cc\ol!l equals to N-k '>l hC Te 

N '" numh er of cells 

k = number of naranetc rs 

An addit i ve ceit model of honcownershin : Th e log i t 

mod e l f or te s t i ng non I ' nc ilT e ffects and i nt e raction e ff ects 

s '{Jecifie s th a t th e na tural lor .nithm of t he odds in favor 

of hOJ1!c owncrsh i p is a fu nction of il1CO I'IC, a~e o{ head, 

fa mi l y s i ze , and r ace of ll ead . S~ec ificaJl y , t he addi t ive 

mone l c an be exnr essed as: 

f. 
L . : l og .,.!.,.- : 6 r. + r 6! . xl ·· ·I621·Xlk· 

1 l- r- a a J J ) 1 k • 1 
1 

+ Fa 'c + 1:B. 1:4+·~·U. m 3M l~l n · ~ nl nl 1 1 
( .. ) 

whe r e f . de notE' S th e ce l l r c l a tj ve frequenc y t hat household 
1 

t;.'pc i is a homco~m c r ; 
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Xa :'Ie l lctC!; t he r.o 3t n r: . tc r~ , I . C. ~~c of ~~ ~ 

unde r 2$, i nco >,c l e ss t ;li1 n as .... nn .. 'a r , \ "," ' , ne r S('IIIS 

X1j i i s .1 s et of f our cUJll rr y vttri:aule s "'cnati 'll' five 

cRter-odes for I-Ip' e of hend unde r 2 ' ,I: A :, . _.,- 3 ... 

35 - 44 , 45-6 4 and ove r 65; 

X2 ki i s a set of thr ee umny var i ables l e~ot in~ rour 

incC"oT1c c l ass: l es s tl la n rS,non , jSS , Ct""{' - 9, 999, 

11 0,l)eO -1 4 . 9~? an~ eve r ' i s , DOOi 

X3Ji i i s n set of thre l rl urtn y va d nb l e s 10 notinF fO UT 

fa~il y s izes: 2 perso ns , 3-4 pe r sons, S n rsons, 

an~ 6 ~ T mo r ~ PC r SQTSj 

X'n' de notes r ac e - J ' X 0 ... 0 1 lC"'r : 4 2'" 

bJac k . 

[ ouJ.tion (** ) tes t ed cmo j r i call y with fl1t~ fo r hus ban1 -

wife f arril ies in Boston 5"('\ and in the Ba l rimor e [ " SA 

nvail C!ble f rom 1970 c encus rre trono!i t :ln housinp ch,rac t er -

s ties. Bos t on a nd Baltimore are chosen becallse of tile 

cont r rls t in the r e l a t iv e size of t he bl Rck f)oDul a t l on and 

t !l e :liffcr cnc e i n t he rate or hOl'1e owne r sil i n For the \-'0 

racial r r ouns , Ba ti'!lo r c 5 ff:t i s ni:.(,lI t fOll r- if "as the 

s iz e of Bos t on f'tS.\ , y(;t, f:!!S nea. rl v four i,cs as .":"ny 

bl ncks . The r a t es of hCIfi' co,"'re r shi n a r e 23 . 6 nc' 35 . S 

"eree nt f or 'llac)...s J U PostOll nne! Rnltimo r c , r e sOf'ctively ; 
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Wic r e r.s th e: r .'t ~s Of hor.l~o',mc r shin for he '~hlt-.S ! TC 60 . ft 

.,-. .j 6~ . 5 '~crc:~n " re s,... ~cti ve l v . 

Est ilYlat i on c f l oq: .iT. cQ(.·ff i c ;rn ts of .,(\reown .. rs: ;n f('lr 

}ms bana - 'dfc fnmjlie:; for tt e b~ s jc: art 'li h re J:od c] ( .. ) is 

~iven on l')ape ] 08 2 (T~~l r. 1) rl J 1 :tnd th ,Ictail is r i ve n . 

SumT!1a r y 

The napcr cXflrt i n'35 hlo ;l ssun,tions .100U t t he lopit 

specifica t ion of honc own er shir: h(' .1 SSUl"n tion of liroa r 

e ffec t s anrl :vlditivc effEc t s of t he three vari lLlc s ( l\ P' e 

of. },e<ld, inc one .clnd f niidl y 5 i Ie) J the ;')ssUr.lTltiClO of n 

linear e ffec t is c;ta tj ... t icil ll y !"lost r cjcctob1" . "'he r e as , 

t he Olss ur:'lntion o f '\ linear i.rcf"n(' ef fect i!' l ss r e jectable. 

Tae for i1" e r inef t-ases t he C'lf)odncss of f i t c hi - squllre va l ue 

fl.b O\l ~ tlle basic additiv e morL;:) lw ,1bou t SO' . "'UTt h.£. TI"lO rC, 

in t wo of the th r ee lin c~r- ,'l ' ,itivc l!Io..-lcls (\re+ in~ o)J\e · 

s iz~ + r ace, Age + i ncome + ~ .. 

r ace a nd Age + i nc oll:e to size + rt'ce) I t he 3SSUr.111ti on ,..f t wo 

l inear effects in a doublin;, of t he chi ~ s(1uf1Te ,/,, ':1'" f or 

t~e s~me add i tive ~odel . 

Of the si z~ tNO tJimpnsi')ra l intcrac t ion 5 , the lncor.te ­

s ize i n te r ac tion dn j t he age -size intcract io~ o re sta tis j 

cally r10st sipnificant . Th~ fo r l'lcr i s t o be f'ypt:t,; t e( (rol'l 

~ud2et con str ain t; t he htt.cr i s c('ns istent wi h th l! f,'l.m il v 

l ife - c yc l e hypothesis . 7h .. i r:clusioTl of eit'l e r in t e rn e ion 
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i1'"~O tJ". e ba si c 'ldrliti l/ c :;O>Qo:'~l r educes t he chi - st'lua -;-~ 

v-lt!e b)' I""re rh.".n 20 -ercer t. I . .;< ', \. ' " t I S POt sur ri .. ;j ··, , t he r e -

f ore , 1:. 0 f i nd th e all o'<la '1ce fe r the a~c - i ncor)e-siu." th rf!e 

-{ ir.:e!lsional i !1teractio r e i uces tlw ch i-sou1. re v;j. l:,!' rro::t 

t hat for th e basic mo:!p.l by 96~ i n t he Bo s t on es t i !1late and 

by 86 pe r cen t in the Balt i more e stimate . On t !)C othe r hand , 

t~; e int erac t ion s between t tle race dummy va ri'lblc s and other 

ey.p lan9..tory va ri ab l es, a t tribt: t llble to r acini dis cr i pj nAt j on , 

a re found t o be second ar y i :.l'Oo rtance rel;ltive t o the incoT'lc -

size and a ge - si ze inte raction ~ . The iml"ort a 'l re of such 

inte r actions , ho~ever, seems tu inc rease as t hp. nu~~e r of 

b lack f a mi lies ir. a S\~SA c r.r·a nn s a s SU5!gcs t e1 by the tli ffe r­

ep..ce be h.'een the asti 'l1a t e s cf Boston ;'inn the es t iC"ate s of 

Baltirr:ore . 
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?lle l!Ie t'lo~ o f dat e:. collection i s :l 1'111] t i s:' 1 e :::\ r1ti ­

f ied cl list e r s'lIT!T' lill o an~ t.' IC un i t of ol'sc Tv1. tion i5 a 

~1 0usc;J c ld {20] . T:1C CO'F'try i s c l ass ifie~l i nto sooth a nd 

North SO as to ca~tu r n ·jisti~ct c thi ni c , cultura , rel i ~ i ous 

a l1·1 econ oJTl i c var iabl es . TllC Tf> ar e ninc tl ,IJ'I1ini stTHt i ve 

ff.~r: ion s i n t h f' south l oti five in t he IJorth an 1 onp. r ep' on 

e ach 'das r a ndor; l y sc ] er:tcrl . rithi n e ac h Terr i an the rt'> o r e 

5u b r egicn s a nd one su br e -ion Fa s :t ~~ in s elec t ed; wi t hi n 

eac ;, s ut:- reg i ons ther e arc vi lln rc s anr! " ithin ° aeh vi l l aQ;f!> 

oni.! eets f' eas811 t asso-::. ia t i ons . Five ..,ca sant assoc ia t ion 

.t r am 50ut!l a n, l four f roiT. ~;lC J orth Fe r e se lectc1 . '3etwecn 

fOUTI:Y a n:l f i ft y pe r c en!. of t he Members or ne::ls<lnt assQc ia­

ti on~ we: r e scl cc ted. fo\' in t f;. l v l ew . In the c'ld we had 343 

observa t ions from t he sOUt:1 and 801 from he Nor t h . 

Toe f i na l r esul t showed a cle ar ~istinction be 'eeo 

th~ two re p. ions . Pea san t s i n the south a r c c as h CTO}: 

c u I t ivators ,"hil e th os e in the Nor th a r e s ubsistancc c r on 

farmer s . The land in t he North i s hi c: hl y f ra gmen ted wh ile 

peasar.ts i n the south have thei r l and in one pl o t. rouse ­

ho11 men'ber s i n the s outh l!Ta prinar il y nr o t csf'J. ts (con­

ver t ,::d frem nagani s m by No p /e rian \'i sslnna r i es mor lo1 t ha n 

SO yca "!" ~ .3 1" 0) . Those in elf: t'o rth bcl on ~ 0 Ort ilo-iox 

c:!d st ia nity. Ther e 'r t; a T't..:J1" I' c r of loscl el'l '! r ou ns in 

bo t h reg io ns . ~inc:e i n. thfo. 5 01' th cn s h c r on ., r ('l~uc T~ cio no t 

usc f e rt ili z e rs, in t~ is Nor! ot,servnti ons c r ~~ the No r th 

regi o n onl y are con'iHerci . 
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S . j ....' t:iljty ~axi m izat:'o:1 'nc0r y 

The s t uny \I" il l be bo.,)p.d on a c:; t ani'arrl '1lic:r oecononlic 

td: ility I~ axin i za ti()n th: oT' Y. It ,",ill be aSSlllT ,,-l tha t he 

obj~c t ive of a neasan t housahc l rl ~i 1 be tn ~ , j rize his 

ut il ity . This has be~n a O_l ied by 0uan ~lt (1 975) , Fansman 

anrl !'} isc (197 8) , OOMe '1c~" ch and ~cfad(l cn (1 975) ap..-l othe r s 

[201 • 

Onc e ""'3 rl eve l on a s t ocha stic u til it y rc ~a r(l inr. a 

farmar 's beha viour "'C ap." l y t Lc anfl r op'riate quali tati ve 

resrorl:;e Models to see the rlc. t c TlTl in.:l nt s of fer ti lizer use 

i n £::.1io ni3 . \'Je ,dll t hen 1:~ s t t he :1or1e1 us i ng 50c io -

ecor ornic and dCJ"'Io['T'aoh i c var iabl '!s . 

Tr:e ut ili t y of a fa rrr,el' with r er-ards to fertilize r 

usa~e "d~" l be ind i.rect l y lr.caStl r t:d a l onp t he i rl.e ... s 1evclo cr! 

by j)olj~'.,'=; nc ich a nd Ncfa jd,on (1975 ) . I\'e will l et ;]i1 b~ th e 

ind i rec t uti lit y of t he i th f a r me r f r an f:' : r tili zQ r lise 

,"nile -"' i 2 wil1 be th e i n(lir ec t utili t y f ro" no t us inv 

ferti l iz er . Thus 

(S , I ) 

Where Xi i s a vecto of a hous ehol d cl c:1os: r ~nh ic 

l
' s. • r of hOlls cholrl endoWi"tcn ts and 

ch~ractcT's ti c5 , Yi VaCwO 

€i ' S a re add itive e r ror t eTns . 
The intro(luc ... ~or. of (liffc rent 
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constant t c r '1S ft and tl £ o C OT eac n of th ~ ut i J ity .. Ir.c ti "n 

i s to caDt~rc t :le effec ' " ~ - ~: . 'ra riabl c5 nn t i nch~d l in the 

~n t ",ill 

riot u se i f J ," 2 > " .., i l . ·"1. l 1 <I SSlIflIC t ha t th e flro~::Itd l ity 

of eett inJ" the same ut il i ty t r oT'! t he t \-10 c:\.o i r:e s as " c in~ 

ze ro . 

i~ ertili ze r is no" use(1 

i f fe r t i li ze r i s used 

p{Y . =ll ::E "'{l lo l > 1; '7) 
1 1 1 . 

::: P{£~ '1 - £ "l <a - 6 + eX. - {.,) ' B 
.~.. _ 0 0 1 1£ 1 

• "i ' (°2 -°2 )) 

(5 . 2) 

• r.(oo - Go +(Zil -\2) , 8\ ' \ ' (0 l " Sl)) (S . l) 

"'her e r. i s the d i s t ribution {vnetion of Ej 2 - cil " EnuatiOfl (5 . 3) 

imr lies that t he ch ni :e of a ra r ticul ar Qua li t at i ve r esponse 

mode l is s i mil ar to t he assuffied di str i bu t i on function of the 

diffe r e nce bet\-leen th~ .... t-lO er r or te nTls . 

The above I I il i t y :nodel s (as sta t ed 1 n Chante r 2) can 

Le i n d. irec t ly es t imate ~l usir.g ou~l itat ive r espons e morle ls, 

suc h as t he linear pr oba bility , nrob i t , <lncl l ogit model s; 

I , e . I i" the d i s tr ibut ioI1 o.i ci2 - c i l assliT'lCd to be nOTna1 , 

l og is tic or un i for m on (0 ,1) r!tcn the r esnOllse ~o~e wi ll 

~e urobit, l og it an~ linear pr oba bi l i t y models rcs r.ec tivelY · 



, Jir ce DC:l Slnts i n ti C !iC' l' t , are ca sh CTO~ _l1J tivOl t o r s . 

no us~ C' f f~ rtHizcr s . C f I .. 0 or t l i s re se~ rch HOl'k ':la t:l (ro.., 

·1; 3~.· f'.CTt,', T"<'J·· . ~ c l> l c n IS ,cor' s .\,rlr.;:ct . 

A descr i~tivc St " ,'s t,'C < fOT 1 • ""'- - se ec t e.., varia r.les i s 

e iv~n 5.n Tabl e 1. 

'{ab l E: 1: 

Variabl e De {-' ; ni t iOTl 0hs ' le1.n :-;td . !.Ic v. 

t area total ar e:!. 723 204.57 1"-4 . :19 
ca tt le No . of cattl e Ron :1 . 26 :1 . :18 
.1etiw: ed uca t ion of ~t. ad ]tiS 1. 4~ . 66 
.a o,uio·n N:J J r,::r e qu i ,)1".en t 5 800 724. :lO 4 . 8:1 
trnlO14 tot:! l ~~.cl ra:.p s 

ar.cd 10-14 800 0 . 34 r . 60 

t m1 554 teta] ~h . nf fema les 
aged 15-:'4 ROO 1. 35 1.17 

"') lo ,~s r·:C- .nf '1 1 o t~ 71 2 3. 63 2 . 15 

nf i nc or1C a nn~l:tl nonfanr· 

i ncome (bi r J 788 2 3 . ~4 u:I . 21 

£ertjlizer a mollnt of f ert i) i zer 

use:! i n kp . SOl 35 . a 7 62. 54 

l.I{e s ee t\at t he nl'..~t-e r of observatio ns va ry f or eac h 

'!a riablf s , 1"ll i ch j s due t o non- TCSJ)onse an i ncoml') letcness 

of the c ue sti ('lnnaire o Eh~n tJ'e data nr occssl)d by tole 

comouter onl y 661 ohse r vation s a r e c onsirl~reJ o 



I 
~ . 2 Var i 'l bl e s 

Tr,e .f{' l] c'v in l" i n l.· :.r:D,le . \' il r i ;{ll( S :\ r e " )" . 'f> re ri 

't:1C mo~c l . 

n 

;e~ ograr~ic V3riablcs: 

i) Educat i on leve l 0 (' hou sehC' rl be ad 

i i ) 1'o tal nunher of femal es i n the II OU5C -

h old aged 10 - 14 

ii i) Tota l numbe r of tlal e. s in the house hold 

2ged 10- 14 

IV) Tota l nUf'lber of ma J es ir the hou s elH'I lri. 

aped 1 5- 54 

v ) Totol n!Jrrlber of f e l"a l e s in the 11ol1 se-

hol d aged ]5-54 

e nd owme nt s : 

i ) To t al farm are a of t he l.ouseh ol d 

i i ) Ca ttl e 

i i i) Number of fa rm e Ciuiument s 

iv) Number of pl ots 0= l aTl~ , 

and l'on- f arm income 

'-'h e re 

(1 if t he t}~ ad is ilUtrate 

=H 
if t~e hearl r eadsi1nd wri es 

heduc 
1 - 4 if t1C 1- 001 pr 31c 

if 11'1 .l e~di!bvt' r pradp 4 

1 ~ (} tD t i ons 

herluc 

t f l l) 14 

t~I S S4 

tflSS4 

t area 

cat 10 

call i on 

olots 

nf i ncor.lc 
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:lfinc. QJIlC .. a r oun t. ot ::On - faT fl1 i nc one- in t.~rT h .nnuAlly) 

.. !'lumber o f :J l o t s of 11nd "'h i e ', i T,l icates th e 1')1 0 t 5 

tare-a "" es t iT'!. I'\ !' ~1 .:o i: al s i ze of :'l hon s .... 'O l "':t; ] '8J'd 'in i.marl '" 

e!~ u inn . = nUJ!tber of f:(,u iopcnts (s tich a s yto!c.e, nlour,h -

sha re, ~ade , e t c . ) , \',hich is mos t ly us er! os 

an indica t or of ::I househol d ' .. wealth . 

5 . 3 Es timation !le t ho ~l s alta ~ c 5u l ts 

The data fron th is reg-tor is nr ec essed '15i"' 3 .. oro!, r at" 

( s t at i st i ca l softl'!are) k;10i'li1 a s STAT\ . \'le l e t y. to be a • 
vecte r of exnl anato r y var ip Ll e s . the r e s ult <;ho~s tha t (t bout 

56 % nf r. ousehol d s use fer t il izers . 

Jeno t' np.. Xl ' A2 a:1(l '{:s to be vectors ('I f nin i muJI1, mean 

~md. ma ximum values of t;;1;: ot. s €' rva t ion s re s nf'ctivo l y , k' t! 

oetain t he foll o\\'.i.n ~ va '''75 

Xl 
, .., (1 , 0 , 0 , ,C,C , C' , i) ,O,O. Ol 

Xz 
, r 1, 21),L 4 51 , 3 . 552 , 1. <16 , 8 . 1 0 , r . 340 , = 

0 . 35 $ , 1.5 ~3 . 1 . ' 9 3 , 3 . 6f. 1 , H . ;41) 

1300 , ~ 7 , 4 , 32 , 4 , 3, 9, , , 13Z0 ) x. , = r 1 , , -, , 
heduc. 

. t fl 014 , f or X ' = (1 , t ~ rea . ca t tle , equ on . , 
. i 

tJl\lO l~ • tm1 SS 4 , tfl SS~ , ol ots, ..,f·ncone J 

i = 1, 2 , . . . ,')61 

*4 tirnad '" 1 hectin£": . 



-R 

bi l i ty of f ertiliz er u ~llc~ exeent nfinrore . T~ 10s of all 

~: ,1'": r e su lt s nceded frq' OlJ r wo rk i s ,lc 'icrihcd bl 10\0,' for he 

t~n e e mo~ l el$ . 

. Linsar nroba bil i t y nodAl e s t i~3 tcs 

Ta t. Ie 2 : Det e rminan t s o f fC T' t Oi zer us c - Nnr tl ,- We s t 

f.tanda r(1 
Var i ab le Coeffici e'1 t ErTor t 

t.:lTea 0 . "1009 O . C)OOO~ O. Y72 

C? ttl f; 0 . 01332 0 . 00557 t . l 92 

'leduc 0 . 0 )91 4 0 . 02870 o.:nn 

e c.u i ol1'ent 0.031 90 0 . 00455 7 . 0 16 

t ~ 1 0J /; 0 .0)On 0 . 02940 O. 28 

t r:; 10 14 0 . 0 426 3 0 . 0 2916 1. 462 

tm1 55 4 O . 0 1 8 e~ O. OI 6l; 1. 16 9 

tfl5 54 0 . 0"402 0 . 0 1584 1. 517 

..,lots 0 . 0 300 0 . 0086 5 4 . 1Yn 

nf i ncome - 0 .0)0 2:, 0 . 00019 - 1. 269 

cons tant 0 . 01 ') 5, 0 . 0 6210 O. Z35 

n • 661 

"( 10 , 550 ) • H . 51 
Pr o" > F • O. OOC 

R2 = 0 . 202 , adj . ~2 • Q . 1 9~; 

Root 15E • 0 . 44 70 , 



i I jjl 

• ," I I, • , 

'-.Jar i "l bl e Co,~£.t ic ; '" j t 

t an a ') J ) '01· 

ca't t l e 0 .102S5 

hedllc 0 . 0')6,jtl 

equ inme nt 0 .1 7197 

tf lO14 0 . 02465 

t ;" ICl 4 0 . 20093 

t r.l l 5 5 4 O. ?l C61 

t fi S5 0 . 11266 

nl ets 0 . 1722e 

"(l f ine orne -O.OnlS~ 

cons t ant -7. . ,,220 

" " 561 

chi 2 (1 0) • 155 . 75 

", r ot; > ch i 2 ... 0 . 000 

lo p likelihoo; • 375 . S6 ] 'F. 

3Q 

<:'trtil.~:'lrn Gr ror t 

~ . OO()S l C.9 1 

'l . (H7SS 2 . 74, 

O.I S'l51 r . 17~ 

0 . 02 (,1 '-,70 

0 . 15191 C. 10Z 

n . ] 5 U5 ] . 328 

0 . nSb 1'l J. ZS 2 

f) . OS 10 1 • 83 

f) . O~ ,1 2 3 . 898 

O. rm 1 - 1. 189 

<' . 35 1115 - 7 . 397 



l' ~tle 4 : Probit 'lod e l Est i":la t c s 

VaT ~_<! bl (; Co ..:ffic i ci t ["tundilrrl ~rTor t 

t a r(l tl ,) . OO"'~" 0 . 000 '0 1 . 009 

c at tl e O . O;~O3 0 . 0 21 S8 I . S% 

heduc 1 . 040 S9 0 . 09n~0 <' . 14 9 

e cu i~ment 0 . 102 01 O. 01S:17 6 . 6 87 

tfl014 0 . 02026 0 . 089S S 0 . 217 

t ml014 0 . 1035S 0 . 08%1 1. 1!'6 

t IT' l S5 4 O . O~M 2 0 . OS1 18 1.290 

t f lS5 4 0 . 071 37 n . O,IS 79 1. 46 3 

p lo ts ~ . 10439 0. OJ 62 S ; .976 

equi nmcn t - 0 . 0 097 0 . 0007 9 - 1. 216 

cons t ant - j , S76rZ 8 0 . 20 733 -7.60 2 

n • 661 

Chi 2(1',) ·IS ~ . 94 

nroh C ~ti 2 : r .roo 

l oa like lihood "" - 375 .9691 5 

;"e c an obs ~ rve t~at for th e nr ob it anrl l o~it l!'od els 

the Ch i - s quare and l o ~ l i kel ihood values are a]nost eoual. 

Le t us denote now t :!C vec t or of coetficientc; o! the 

line ar probab ility. nroLit anr Iorit morle l ~v BL , 6 and p . D 

f\ n :: con t ains column 2 of table 2 t aking the 

constant at t h too . 



, 

6 ' L 
CO" 1" ;{ i ns 1':<,1 '~r 2 nf Trtbl ~ ; ta ' .in~ 

t'le :::t" n S --:fl."~. ,t H.c t{'lT' . 

B L !"~ ccn"'Cl ~ n !' C' • :t',.1 1 n f T, l" 1p " t ak i r 

t 1le con st ~::J t .. :: the t(1 " . 

~ . A D iscus~ i on 

~emr.~T ~ r hic V~riahl~s 

f-l' C'u seho l rls ' <l ith 'l"" r ,:: -j!,; Uf'n c1r.llt s , I"OT C r\ !u l t' s .and jn 

8 ~nl.ral J a r ,pc hCU SIO!'101n ~l avp <' h i'"" Tl r ob" biJ i ty ('I f usinc­

f'l)rt ~lizprs th'1l1 househol,.l .... :it h less r!cro('nr1 cl1ts 'lnl less 

num:'er c£ ~d u l ts . Th e r ease n may he th:l t lar t."c size 

ttlay ac cuire r.lor c l Anrl !".n r1 whieT, in t urn I'I i\ V r cC'u ;,re MOT (' 

':=c'Y t il izers . 

chanc e ~ f re t ti nr C e rt iliz ~ rs on crc~jt rhan ~mp l l si zp 

} ous ~ha Jd s . The l atter p.re ur.l1l'! ll\' h'J:) ,l ed I' v yen ~p. r 

~pd ividu~ 15 . That i s ., thcs~ W' If' hRVC n o t"vc"!\vl hlis~etj thei r 

cr~di t vor t hi ness . 

t:, r ~ otJmerts 

m~ a S!.l r~c by t: hc number of :F 9. rrr i r., lercnt s , c~ tt P COl c r-

. f !ll1 ri J'luTT'r c r of n] ots (Ie ! 1!"': tPYle! 
s rti c , t0t:I J .. arJ1l a rea , 

to h~ve no s i t ive effec t r~ (- p. r t i]j z~r U5 an~ . Th ~ ~hove 

v ;-. ri~ L ! E'S a r e jndicR t or S of 0"" ruc h :1'1 E ili o tl ian f" rr-er 



• 

is ~evc te~ i n t ~e ~ roc ~~ ~ r ~ nr r icu)t ur, l nT~duct i 

Tn 

~: ~s ~ " t ' p ~rrc c s ~ nF 1~T i :l I turp l " ro~uc t j n r ~ ~ ~v 

j."'; tur n i"p"lie s hirr ll':~ r · T' o·,;o.l-j)itv of l" r rtili z r 1' 'i 1C . 

uotenti ~ l to us e fe rti l iz! rs . 

il!t:of"le (such a s tr;lrie r s , !Jlac1 S"1it 'lS , cI:til\r p }OUl"P TS) 

I 

have ot.he l' s ourr:cs of earnines ev~nt!l(H'ch th ey 'IT,::I £'sjcn l -

l y f:>.Ti!'e l' s . 

c h anc C' s are t ha t tIl e " arc } 1~5S l ike ly "0 enfJ'lr'"c " n~ invest 

nn a~ ricul tu r p . T~r resul " s p r r th c r (QTP consistont with 

~. i1r:om~ :?I r e l ess l ike l Y t. ( U~e ff' .... tili zI' Ts . 

5 . S P rcbR ~i ] ity ~encr~ ~ ~0 ~ 

m2.x i mum val ue s of tl'te exul pna tC'Tv vpria blc s . '=n r 

n jf ~ hnUS 9 1 1 c l ~ ~('Ip~p't use feT ilizprs 

)' 1 =( l if ., h_f)l'scnfl J c'I IIse~ .cer iliz ers 

1 :: 1 , 2 , . . . , 661 

i) Lir ea r ~ro bn l } ili t y ~s.i~n tPs 



'; 

0 . (, i' Xj ' PoLl' , , , 
\ 

F' lV(::1}') 
0 

" 
, '" " . , 

" 
;r 0<'<i I P1 l"<l 

, 
\ 

0 

J. F Xi 'e LT'I < 1 

• 
Xl ' f\p "" 0 .0/,3 72 7 . 
'{ 2 1 ~ L r = n . 93738 2 

o 

X 3 ' FL~ = . 9q 7( 2~9, 

'j't... e vector ('1 (: c o ~Hi::5.~ ,.., t s fl., ~ n,l f\ pr e ..,1' ··" iN' ''! 

vsin .r: "t he tJev tnp - 'fla n!l <;nr ' s l~l e th nr 0( iterat l ')j' ~., ~jrvl t he 

maximuTJ'l - liJre lihnod 0,st; J.I ·~C S . J Il "' oth c!\se~ tt'lc th j t CTl\ -

t i cn s ~e livcr the rles i r ~~ r esult s . 

i i) Pr o!)i t mnd e l estima.t(; s 

. 
"( v , = 1l = «X , ' Rr ) 

1 1 

~'I"'-I(' r e ~ sta nd s for t:.1 r: c t'!"ultttivc st1.n ,l~rrl n r, r Dla ] (l i s -

tribu\.:if' n , f o r the values 

• 
X ' S == - 1. 4 7322 

1 P 
o 

V I n .. . \ 2 !-I1) 

X3' 6., :: 

- O. l SSfi l 

~, . 21157 



~ i;:e rCj 

i ii ) Lo ~ jt ~oriel cst i at~~ 

"' {v."'l} ~ 
1 

" y , . ,. , f'L 
e 1 

l,1l1e r e tor th e l'l i Tl iTflum , . 'e ... n and flmxir>un va ~lJ~s 

" 
Xj Tel '" -2 . ~ I">S 7 

" X2' PL ~ n . 35 J 2 ~ 

" 
X3 ' BL - I n . 798 ft 4 

" 
nnd l o cr(c . jJ ··" . ) '" X " ~ L 

1 ). 1 

n"' 'l 

L 1 t his ~1S r:' t-hc rrccf' l· i J i ti c s for roin i no:ull' , JTle~ll r'J.nol 

l r ~x i~u", Vil] l l C"S t h .1 '" rt ~ C!'1 ~te r "'i]l us~ t'erti1iz or s ~_ rc 

'J "7 1' .... -) ~ 0. 58 69 nnr! 0 . 9999 ?e s"cct i vel v . 

r esul '":s ""he rcas ~ the li i':~~.r "Tor:\hUit y (l i':Fcr ""uc·· f r om 

Rema rk' s : : ~ in inun , "'e1J'1 "'TId r;tX l ntlf"l "I Tr h hl i ty v""uc s 

vh:i C ~1 tr. c "' Toralilitv f)1: usi.ll f f r r t i l i ze r is l1inill""./1 1n'" 



dS 

T"iS 

rate"" " ~en 

The I1'(l.X il!lllM "' r nr 'ibility fn T 'I"Irn bit a nr! l ~Fi t "'C'~ r l s 

J_'i avail' <lJ Tf1(1st th ~ S.1fJje rm -i is ;lr C"ll t un i t y . 

:' i!"1u l e.t i on Methcc ~ 

The r esu l ts ob tainc~ 11.(. ve I'\a)' h~ l n nnJicy ;I"'=lk C TS 10 

identify f:J TY"ers t l'2 t ar~. li~ol )' t o cc us e rs 0 < ~ert; l1.z c r s . 

Thev may also t ry to ,,.iv ,-; h.c f'n t i ves to nf"ll"' - lise r s so ?S t o 

Thp pol i cy 0 nti cn ~ ~ T e n~ thi ~p hut thf' exnlan ~~~~v va ri -

all t~e exnlnna t0Tv v1 r i~ ~1~ s sinult3n~~I' sl v . 

lizers . The v;}ria~ ] ps th"t 1'( Hi ll varY ;;I r e 

1 . E'duc:ltil"n (It: hr')lJSeh f JJ rl hc :l. ·! (h,.-iuc) 

2 . Tota) ?TC:J (t lrea ) 

3. Nnn- t:arw i nc ?i1e (nfircC'nc) 

~ CR.ttle 

S . t:arrn cC" vil1l11cm: (C"'lii..rn) 



s:~u;~t i on r~~~u • "'... s n tie r ~5u J !'5 "',,1,1 . , . - rCOU l rp -11'1"1C'''' fer i -

Tn!? s i m ll1.atjem i s ..!". n", f~ r r • ' ~'_ I r. , "\l r .... i r rcr ,... .. , \ CR~.,-, .. , 

tJ. l~ meEm v.11ucs n r. '1 e ~uc , "" "'ca , f ' P IT! C''''I"C , r'1t 1. flr! "'o11i rt ~ 1 

~. nc"'(' p..::ts c'; I' v f) . S 5(1, J . O ;.d, I . S ' , 5 1' II n r l 2, 0 'irl ( ~ , ' stilT' 1<; 

f o r standard r:lcv i a tinn o f t f'oe varillble) , an" V'llo n t~le rl CTnO­

gr annie v::t ri ah l cs and", (·, ts r C:'I? i. n ~ i xerl :at t:l;nir m~'1 n vfllu'!s . 

Ra t e r+ 
Incr-:~e (R) 

0 . 5 s" 

1.0 srl 

1.5 51 

2 .• ') sd 

hethl<: 
(FCan+~) 

1. 781 

7. 111 

2 . <l 1l 

7. 771 

t ar . 'r:'jf!r:~ C1tt lc 
h i:'" .:. ) ' (. r,lop" ) (r.c:m+i") 

301. 7GS 79 . 60 4. 952 

39>: . 91 136. 27S ti , fi14 

196 .15; 1 ~2 . 89 3.336 

5.933: 2/9 .50\ 10 . r1 

9 . 6\5 OJ ,55'1 O. 67 

1 2 . 07~ O. 76~8 " . 7S1 

11.A"~ n . 8177 0 . 871 

16. C)')8 0 . 92r 7 O. QI R 

or ~ babi l it ips i n a l l elses . rr the r tl) cr h"d ~e nbse Tve~ 

t hat iJ fa r r.P T s have 'l1 f) l'P land , ca ":tl c , cnni'lT:1f'rt , nc - f'l rM 

inc n"~ ani' hiC"her l evel .... f educ ~ti n!1 t he r nb$lb ilj ty ( he 

oc t ~ntia l ) t ha t a (1 rm~ T l/il1 usc fer ilizpr wi!l i"c r~ ,se 

~. s well. Thnt i~ th e lt i~h r:r the r <lte (",f iflcreas e o~ thiS 

e y.u lar.!l. t0 r y v <lri a r l cs t-.c hi.~he r th e nroba bil ity "f '!. hnusc -

h~l~ ' s fe r ti li ze r usa ~e . 



~o c r ' naTe t t. ~ t. . ~ I I 'e l"'T (l, , " c ".\'!{ 101';1'" ...... . I "'t . ,- "'~ , 'r' ,,= rn: ' ~cr 

• 1:; . :::: , 

the lOI' - li t,e l ' ,., ,.. ... -, . \ f l'nc ticw 

n , 
i = , [y.lo ", ' . . ( -v.J 

i:-1 1 1 1 

, 
100(1-<. ) 1 , 

i " 1, 2 , • •. , 6fJJ and RPfL rl e'1ot es .... "e 

Th' S T"e ~~ ll r~ has ")I i n-

T~H' l o r l it:€' l i~l r) f)' v " b~ e 5 fo r t'lE~ "ret- -i t ,It"i J orit 

'Ttone ls a re - 175.96 011 5 ;In-l - :n S . S6 1.3fl r~ s ,",c ctivt:! y . :h i .. 

S jrroD!1T results . On ': h~ r, +\e r .ftnrl , as dis t:' ls s "'.l ~ F' 

~i fferep~ fT~" the t wo ~~~el s ~n~ t~c coc~ r i cjen t ~r 

(~~ teTI"Iinnt ; ("\!l (,,2) :ln l et3j . stl' ,l n
2 

'"t:l.VC <t I l l,! :; "'\ . 2f'1 l ~ 9f) rl 

8 . j 91J 3 r e s""\cct ive1y , lvohi t:i i)'l(' i c fl t (' <; that t. h~ ~x1)l"' n a tory 

""" " ,,' e :.,othp. r\ ('ld el for t ho.:. p7.V"l n .1::1tn is llot ~tron.. . ! r. 

~ e tory r ~we r ~o r l i ne l T r ! p ession ~ut hi~h V~l U ~ r( x2 

~nr nreti: and l orit . ~)~3 result s 1 r e no int(Tr ~ ~ ly 

~. I'crm::; i. sten t . 

10z i t qnri r robi t ro~ e l ~ . First ~nc~ o ~ t~ e coc~ C ' ci c~ r , 

t ra s te $ t ~ 1 l1sinf"' <;t::1f1 1E'r..1 c,-r a l rl'st1'i hu t io" , ~.:;c (,"~ 



• 

1c tc !>t the Il)'r'I ..... ~ ~,Sl' S , 1 , t h C ( f " I,;!:lC ,-' . e r .... fJ r i , t of 

T' .. ~ py.~. l~ n ~t~Tv V"T '· ·· ) -) 1 ~ • _ -. ~ " ,. "" , . ~':I" t'I S t c ze r o , 

'j • h. = 0 o· , 
'j il : ~ ; I 0 i .. 1 , 2 , .. . • ' 

~~'LeTe h} st and s :'"OT t ':1 <! const ?n t t e r '1 ~lvl l' is the nUM hc d 

(\£ r.a r o.rr p. t e r s (b i ) ' IlSi fll'" Z t es t 

. . 
Z :: lJ ./f.b . , Q" n .ns 

1 J 

1:r"e Te C:hi = st ~ rd. ar:t err f' T ('If 1- i , ~n rl r OT eae rrc..:l o l 

c ~ l Cl..: l ;:, tpd v~ Jlle5 a Te lis ten " r (l(>T t he co l l1"1" Qf t jr T81·1e 5 

"'(\ t est. t he hv.,oth~ s is 

r : n' B :: r [the ~x" lanat~ r y var ia hl rs 
o 

1" " 0" 0 '\' ~ r 

rO' l 
G' " ' I 

Q " °11 >1 

h :1 VP no e ( ( p.ct on t he n T C' ­

hari l itv Of fe r ~ il i zeT usa re ) 

~ vector n( zeros 

t = an id en i t ;; !"I ;:! r t;i~ " f rll ·.l~' 10 . 

s t •.• • s th pt al! t he b
J
. ' s a r e z ~ rc cxcpot 

T\e Ea t ) }'y 1"l " t he ~ i s " L 

l ' ~ i n ; U~l~ l s stR i s ri c : 



'9 

. 
\',l"ll Pr e "6 i s t !1 ,.. t\S YJl,,\·' tr"l't: ;'c "' r .;1'1c .... - C' ov" ria nr:e 1"" :'\ r ix 

o ~ t he vecter rr c st i ~e te~ cop cf i c icn ts (src rnnen~i x ~) . 

1\11 t ie necos ~a ry a.'1iu st~~n t s <t nr! r ea l" r anp r f"l en t s ~ T e ~('\ ne 

tc ~vo i~ t he t e r ms con t 1in jnp t he co n s t ~~t t ~ r~ ~rc~' bo th . 
!: i!e vec tor (l .r. C c. cff ic i en ~ :. B fi n" vnr i nnc c - covar i anc e ma tr ix 

vs. 

" : Q t R "''' o ~ 

t"' e l"I r nb i t rn n dc l . 

or ::1s y-r r";'. otic v;l da nce c<w? r 'rnc c I"flLrix 
• or B .. 
~ 

ii ) Ln p i t p ode l 

"he r e 

~' • r" P. '" (l 
'0 ' .. l.. 

'\ : 0' \ f 
• - I • 

(fl ' BLl ' (0 ' f LOl (rR l l = l 55 . 75 

BL :: (-> St i T3 t,;;' 

the ''>rit; 1" r d el . 

VAL 
. v.- r l· ane r - co v1ri fl oc (' Jl"r t ri x = a c; ym ... t c l;'C ., 



'0 

y ~.,. . The r e '''TC I ' f' r cjec:- tl~ f null hv .... o thf> s i .. '~ i.n }-nt h 
. 0 

c-s,o:s p L c . t ;lC :"r ('r a b~.litv -·; h Jt 'I c? r mc T (" h "'\.lsch"' l~ ) ,"Till 

u se fe rtil j zers ~ (' '''' e n ris ')Jl ~;~ c t n t;.] s i :e n f 4=a rm J p fl(l , nlD':'bcr 

o f c at t l e , l eve l f") F' ciu.c abrm Of t he h rHls~ h (\ l '" hca ,J , flumb,. r 

of f a r m i~" l eme n ts , an I ~~ mil~' si ze ( ch i l ,J r ~ n, D~ u lt s ) ~"s L-



'!ir '"(' r t j -

l ize~5 i s ~c~~~ ~p~t ~~ ~ hn! lsoh- l ·... • .' f;,., "'cl"i"'o r ar:hi,. "1",.:1 n('tn -

rl.em("~;T"T'hic ( e nr'!(w/mc n t s) V.')Tl· " 1 c s , "'e "1"In1 i ed ':hc t;("n Cf'l t 

n f 'lu2 J. itativ e p.esnon sc "~I')c!e l s t n stuf1v t he hy1') .... t "~ is . 

The -:1.emop r anhic var i a o' 1~", ".ro - l,m" e T -f f . _ ~ 0, ,., 1' ,. e~alcs ~~C~ 1"-] ~ 

nurobe r c f mal e ·. '"cd 10 l ' I < _" " I - '. , num ,e r 0 l'Ial cs 1. fI'eci I S- 54 =\n t'l 

numbe r f" f fC ll'a l es apli"l I S- iiI} in fl hC' lIscht" lrl. 

• 

The non-derrl'')i! r a ''lh i c v:lri<t bles a r c l evel r f e" t1co ti,," o r 

thp. h"'·u seho l d ' s h ead , r~U;Tlber C" f f<!Tr irml erl"l'1 ts , Ul"l e T 0 '" 

cP..t tl e , nurnl ' f'r (I f rl .. ts, farm I a n'! Sl Zf1 :l r d '1C.t' - f~ TM i nc.,,,,c . 

Tj~e fr;l lrwiTl f' O)aT ~n r::)T)h ~ SUJT'r;>riz (' s th p rinrlinqs. 

f2 r mc r ' s Fe r tili ze r us" ~a end t~ i s is sun~rr .e~ h' the t est , 

e ven.:'1c u!1 h then ' ""a" h I:> S"ITiIC v ,1Tlnhle s ,\' 'tich arc ['lot i nc luder!. 

here . Exce., t n0n - f::lrm i n': f; IDI) al l v.:'! rinb le s SOC'TI t.'J affec t 

tile nTnr llbil it y nositive l y , w})c r c:ls t he fo nne r h il S a nc,,"t iv l;' 

e ffec t C'n f e r tilizer u:;ace- . This ind i cates f'u? t if ;'I housc ­

h') ld qas ear nino s f r ('lUi NJli. - £~rr cm" l oY l"lcnt . even if a oc rr; on 

i s b a sic a ll y f a r me r, he h~s nc ~uch ~evn ti"n tr ~pricu lture 

due V.I seve r a l r eascns . r')··~ "f the rcas (lns m?y he 

i) iJl c (liTI~ fr 0 j.! (l p' r ic ',llture roav not be s (l ti sf;J.ctc r Yi 

i i) tre f a r 1"1 e r n ;lV l :1cj{ rp. IT' im.,lements inc 1ur' i nr C'xcn 0:: 0 

t hat he has t(' r~nt his l .:'! n~ on con t rac~ b~sisj 

~ i i) 
t h p. hOl1 sehf'ld's f~ rrr lzncl i:l 8V fI{'I he nro,.lt;ct i vej 
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iv ) ... ... ,-

0x~1 __ ar •• t" T·' V '< Tl'~~l ps -", 've tT l' - 1 to --n",-. tft L L'1-" ~. " . -. ... .'. ;': ' .~ ...: ,- " ,..., rT · fl "j ( l ] 1-

ties . If a ~nTTl'er h:t s thr' j'e ;'! " v<l l u('s nf th e c rlt:i.'"ncrl 

exul ;matC" r v var i nhlcs, t ' :1'! "-j'C' bat-iJitios Foull''' tr }\~ r . 'H 

:i.n the case o.f nr0h -it ;1 rtd 0 . 58 in the case of l l')rt it IT'l"Idcl 

lika ly t n us c fe rt~li z 8 r s . 10 th e rtll c r 11ani 'l.i r t he 

Tll<'xiJT!U'll value nf the aX1" l an;1tr l' V vet riahles , the T)Tobt' 1 i li -

ties erf ?rnund unity . ~~ i s i s tru~ For the t h re~ ml"l~e l s . 

i~c re ~se i n a hcusrhn l ; l s faroilv size . 

v,?lues of t he e xnJan{) t(' ry v -3r i al-l es hy kcenin::!' r.lcrnn(1 ranh i c 

v£'.r iabJ c s ~n,l nlots at mean v:tlues . This l c ~ds t o '1n 

i nCTeas e i~ nrnb l biliti J~ ~s shown i n Table S. The case 

j ~ TJ. Cn - fFl Tf.l if'J c f"l"I f' SI1 CI"' S !.'1 f i ve a (.Iiffe r c n t T~sulti hflw-

ev er, we CCln concJuc e that if <l fp"rc r has th "' s~ if'lce J"l -

- - '.he l ~ .. t vari<lblc l.nc; Ii t1"l e t(l ri o ""i t 't th :rr c babi -t::.'.ves '" 

lity Gf fertillz ~ r US1 pe . 

~ina l l 'r , since inc re~ se i n rill" liS e ~ f rftr t i lize r~ 

5.5 "'iT~ctb· -rrlat(,( l t" 1.nt:r~" sf' i n ~r' ricuJ1;U Tl\ l 1)r o-iuc ticm 

.:m r whic h j., tu rn jJ'l .... l i~5 .. sr l u t l (11'l t " "P c: el f 5u~e']c icn 
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~!:.l;Jl.illXA I T b1e of (~1t ode ! •• t la~t'l 

• 
. logit Y tarea cat tle hedu~ ~~i p tfl014 twl 0 14 t.1 5~4 ~t 1 55. plots nt i n' 

I t erat ion 0 : 
Iteration 1 : 
Iteratior.. 2 : 
I t eration 3: 
Iteration · 4 ~ 

Log Like lihood ~-453.43 81 1 
Log Likeliho~ z - 379. 97 588 
Log Likelihood ~-J7S.~5993 
Log Likelihood ~- 37 5 .56 1 44 
Log Lik~~ ihood a - 375 . 561 36 

Logi t Es ti .... t as 

Log Lik el i hood =-375.561 36 

umber of obs u 661 
clli2 ( 10 ) - 155.75 
Pr ob ) chi2 - 0 . 0000 

variable I Coef ficie n t Std . £rror t Prob > It I Mean 
---------+-------------------_._-. . _-------------------. -----------------

y l . 5597579 
---------+--------------------------------------------------------------, 

t area . 0 00484 2 .000 5038 0 .961 0 .337 , 0 4 .450' , 
cattle . 1029535 . 0 375509 2 . 742 0 . 006 3 . 552194 

lIeduc .0563409 .1505285 0. 314 0 . 708 1.416036 
equipn . 17197 8 2 . 0263 755 6 . 520 ~ 0.000 •• 11043' 
ttlO14 . 0 2464 7 . 1519106 0 . 162 0.871 . 3403933 
t .l014 . 2009337 .1 51356 3 1. 328 0 . 185 . 3555219 
ta1554 . 110612 .0863016 1. 212 0 . 200 1.553707 
tfl554 . 1126659 .081490 1. 383 0.167 1.393343 

plots . 17228 4 . 0442 3 . 898 0 . 000 3 . 641452 

nfinca.e - . 0 0155 5 3 .001309 -1. 119 0 . n5 13 . 34144 

-2 .6220 16 . 3544548 - 7 . 397 0 . 000 1 _cons ---------+--------------------------------------------------------------
. correlate , coef covariance I -t~re~ catt l e heduc equipn t f l 014 t.l 014 t.1554 
--------+---------------------------------------------------------------

tares 2 .. 5e - 07 
c attl e 

hedue 
equ i pn 

• t fl014 
~1014 

oJ t.155~ 
tfl554 
plots 

nt1nco.e 
_cons 

-2.1e- 06 
- 4.2e-06 
- 1.0e - 0 6 
-1 . 78 -06 

6 . 50·' 07 
- 4 .4e-07 
- 3. 4e-06 
-3 .9<:-06 
-9 .6e-08 
- 8 .0e-06 

. 00141 
- . 060476 
-.000 212 

. 000105 
- .000131 
-. 00017 
. 0 00106 
. 000064 

-3 . 1.e-06 
- . 001878 

. 022 659 
- .000144 .000696 

.001371 -.000078 

.000 20 2 - .000265 

.000327 -.000073 

. 00094 3 .000048 

. 000125 - .000142 
- 1 .8e- 06 5.1e-06 
- . 030864 - . 00 366 

I t f1554 plots nf i ncoae _cons 
--------+----------------- -------------------

tf1554 .006641 
p lots . 0 00096 

nf income '.6e-06 
_cons -.006789 

. 001954 
1 . 2e-06 

-.005125 
1. 78-06 

- . 000019 . 125638 

.0230 77 

. 000 293 .022909 
- . 0009 74 -.000181 . 00744 ' 
-.00134 - . 0014 42 - . 002016 

. 000248 -. 000 371 . 000 226 
-6.3_ -.00001 - 4 .7.-06 

-. 006389 - . 004311 -.00 5643 



I 
r 

! 
APPBNDI X :. . Tabl . of prob1t aDd I •• t1 .. t • • 55 

. probi t y tarea ca ttle heduc equ ipn tf l 01 4 tml014 t_1554 tt lS54 plots ntinc 

Iteration 0: Log Li kelihood 
Tteration 1 : Log Likelihood 
Iterat ion 2 : Log Likelihood 
Iteration 3 : Log Li kelihoOd 
I teration 4 : Log Likelihood . . 
Probit Es t i mates 

Log Like l ihood =-3 75 . 96905 

::0:-4 53.43811 
=- 379. 31799 
: -3 75 . 99682 
: -375 .969 06 
=- 375.96905 

Number or obs - 661 
c h 12 ( 10) • 154.94 
Prob > c hi 2 • 0.0000 

Variable' Coeff icient Std. Error t Prob > It I Mean 
---------+--------------------------------------------------------------

y I 
. 5597579 ---------+--------------------------------------------------------------

tarea .000306 4 .0003038 1. 009 0.3 14 204 . 4508 
cattle .056031 .0215829 2.596 0 . 010 3.552194 
heduc .0405927 .0904004 0.449 0. 654 1. 41603 6 

equipn . 102 8105 .0153747 6.687 0.000 8 .1104)9 
t fl Ol4 .020 2649 .0893538 0.227 0.821 .3403933 
tm1 014 .1035584 .0896121 1 . 156 0.248 . 3555219 
tm1554 .0664252 .0514888 1. 290 0.197 1. 553707 
tfl55 4 .071 3783 .048796) 1.463 0 . 144 1.393J43 
plots .1043951 .0262593 3.976 0.000 3. 6414 52 

nfi ncome - .000971 8 . 0007989 - 1.216 0 . 224 13.34144 
_cons -1 .57 6028 . 2073301 -7.602 0.000 1 

---------+--------------------------------------------------------------
. corr, coet covar i ance 

-, tare a cattle heduc equipn ttl014 tal014 ta1 554 
--------+---------------------------------------------------------------

tarea 
..:att l e 
heduc 

equipn 
tfl014 
h1014 
tm15S4 
tflS54 
plots 

nfi nc ome 
_cons 

9 . 2e-08 
- 6.6e-07 
-1 .5e-06 
-4 . 4e-0 7 
- 7.1e-07 
5.4e -07 

- ).2e -07 
-1.3e -06 
-1.3e-06 
-).3e-08 
-3.0e-06 

.000 466 
-.000 14 6 .00817 2 
- . 000089 -. 000049 

. 000045 . 000467 
-.000079 .000054 
-.000062 .0001 24 

. 000028 .000348 

.00001 7 .000021 
- S.2e-07 - 1. le-06 
-. 0004 98 ~ ~.011 1 4 3 

. 000236 
-. 0000 1 
- .000117 
-. 000036 

.000019 
- . 000059 
1. 8e-06 

-.001141 

I tf155 4 plots ntincoae __ __ :~~~ 
--------+----------------------------

tfl55 4 .002381 
plots .000035 

nfincome 1 . Oe-06 
_cons -.00 2433 

.00069 
3. 4e-07 

- . 001702 
6. 4e-07 

-8.1e- 06 .04 2986 

.007984 

.000298 
- . 000436 
- .00043 1 

.0001 
- 2.6e-06 
-. 0024 42 

.00803 
-.000083 
- .000616 

.00001 5 
-1.38-06 

- .00097 

.002651 
-.000713 
- .0001)2 
-2.1e-06 
-.0019 36 
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APP~ DU C Table or 11 oar .e:ro .... bil1 l: 56 
tmlO14 .2 0 0 9.3 37 j'!? 'I t!itt . i es 

.l51JJ{i I', J2S 0.165 .3555219 tm1554 .110612 .~8 6 3016 1.18 2 o 200 5537 07 tfl55 4 .1l2665 9 .081.494J 1. ]8 ] 0.167 1. 393J43 plots .17228' . 044 2 3 . 898 0.000 3. 64145 2 ' income -.00 15563 . 0013 09 - 1.189 0.235 13 . 3 4144 
_cons -2 . 6 2 2016 3544546 -7.397 0.000 1 ---------+----------------.---------------------------------------------

. reg y t are a cat tle heduc equ1p tilO l 4 tml014 t.1S54 tf1554 plots ntineo 
(000=661 ) 

Sour ce 1 ss df MS Number of abs - 661 ---------+----------------------- -------
Hodel ' 32 . 990295 10 3.2990295 

Residual ! 129.89 9266 650 .19984 50 25 

F( 10, 650) - 16 .51 
Prob > F - 0.0000 
R-square - 0. 2025 

---------+------------------------------
Total l 162.88956 1 660 .246802366 

J..d j R- square - 0.1903 
Root MSa - . 4. 704 

V~riable : Coeffici ent Std . Error t Prob > ' t ' , , .... n 
---------+--------------------------------------------------------------

y : .5597579 
---------+---------- ------------------------------------------------ ----

tarea , 
. 0000932 .000096 0.972 0. 332 204 .4508 

c attle I .0133185 . 005568 7 2.392 0.017 ) .5521 9 4 
heduc I .0091403 .0287 0 09 0 .31 8 0 . 750 1. 4160)6 

equipn I . 0319031 .0045471 7 .016 0. 000 8.110439 
t tlO14 I .0003308 . 0294025 0. 028 0.977 . J403933 
bAlOl4 I .04 26258 .0291611 1. 462 0.14. .3555219 
tm1554 I .018871. .0161468 1.169 0. 243 1. 5 53707 
t fl55 4 I .0240222 .015839 5 1. 517 O. llO 1. 393J43 
plots I .0363017 .008 6484 4.198 0 . 000 3.641452 

nfinco.e I - .0 0 0 2488 .000196 -1. 269 0.205 13.3 .. 1 .... 
cons I . 0145863 .062103 0.235 0. 814 1 

---=-----~---------------- ------------------------------ ----------------
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