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CHAPTER -I 

INTRODUCTION 



INTRODUCTION 

1.1 THE CONCEPT OF SIMULTANEOUS EQUATION MODELS 

The gr-eater part Q-F empirical work in econometrics deale wirn 

et'-̂ uc-CLiral e=tima-ciDn, le, the estimation of the paramersrs of 

r.t-is benaviOL'ral and tecnnologica j. relax: lonshiDs whose narure is 

define:; ov the RstfefDarizal sccncTJic tneor--'. Such wors- mav vsr\ 

frcfTi -Che estimation o-^ tne cost curse o-̂  a parrir_iiar firm T Q 

large arsQ cooiple^; ,TCdels of ar snti'"s SCC'".0'TIY" 

To srari: wicn ~- econCiTiet-" ic enqui'-'v it is necess?'-^ tc firsr 

design an eccnofpec!-ic tpodel -^nich adsrractlv f-ep-esents reaiitv 

Dv oringmg oî r î nal: is relevant ro 3 Da'^ticular question 

negiecri'-'C all other asoecrs. These models mav be of ciffe'-ent 

sizes. EoiTie .Ticijeis iTsav m^ol-.-s single relationeMp amcnc 

eccnciTiir /^""lables and there-^ore ca*̂  oe Su'iifT'ed up in a single 

equatizn. i'vhile others ~ssv consist of SiO imoress i ve arrs-' o-P 

s-eiarions. In tne larter tvps. the economic -/ariable= sre 

dete^-mmeo cv a compiecs Sv'stem rf equaTiions, 3v a cciT.piete 

ŝ 'Stê Tl 15 iTieanr one in wnic'-- -nei-̂ e are as manv equations 5S 

enaogenous variaoles. le. variaoies whcse formation is to be 

"e.olamed' by -cne equations. The equations af-e usual!/ of -Four 

types ; eauations of econonic beha-icu'", i nsz irut lonal rules, 

-ecnncloci =al laws of t--ansf or.Tiâ  lor-. 5nc i de-.t 11 les. "'"ne ts'-.-n 

'structural squstion" will be used to cdTiorise all ^our t.ces of 

Sv&tsi-ns of structural equation tr.av be co;r,posed entirely on the 

basis of eccnc!~ic theory or on the dual basi= of theorv combined 

iJith systeiT.at ical 1 y collected statistical data r'zr tne r = l3 /ar.z 

•-' = ri^b3e fc.̂ • a given period. These dynamic models sei-ve as an 

1 ndtspens 1 ble aid to f of'ecast i ng and an i n'-r.-l uable guide to 

pc-1 icy-maki ng whether for a firm or a governmental agency. 

Since Economic models frequenrly involve 3 set of relationships 

designed to explain the behaviour of certain variables, the use 

of simultaneous equation model will be more meaningful and 

logical. It is clear from Marsnail's classical analysis of 



deteriTii nation o-f pries and quant it/ bv supply and demand. 

The demand -Function can be represented as 

Q „ = a + ^ + L I .....<a) 
J.' 1 1 1 

T h i s d e s c r i b e s t h e behav i - ' u r o-F Duvers in d e t e r m i n i n g t h e 

q u a n t i t v the-- are w i l l i n g t o buy, 0 , as a -Function o-F p r i c e P. 

L i k e w i s e , 

0 = a •*• ft ^' -I- 6 W + u 
S 2 2 2 2 

5H t n e s u p p l v T-unciion. 

I r t h e eai-ia L. 1 jn= a- and \ b ; u = q u a n t i t v dssTianded; U = 
D S 

Guanritv supplied: W = westnes- conciitions sna iJ and u are 
1 2 

random ai Etur bances witn mean :zsro. 

A comc'lete mccel o-F tne Tts^rf^-r. snc-'ld presu.^ablv include so 

anaivsis =?f tr;s p'^ccess whereby buver= and sslle-s srrive st rhe 

price t~at ecuates Dotn quianri t les. The COD—>JeD iheof-y gi S H tne 

best descriotion by assuming that either functions oDerste 

alternat mgly as if ouvef-e and =ellS'-H annc-.ince m turn î hat 

price tr.e\ set or what cuantixies thsv are wi 111 >-Q to tf^de. Tne 

'•esult 1= an its-ar I'-e pr'Z'CB=E wnirh under cs'-tain condirions 

conver-gs to equ 11 Dr I._>,TI /SIUSH of P anc Z BX. whicr- t-̂ ŝ mari-et 12 

clear-sc. Tnese ---alues 5.r= oetermi nea z* tr-e conditions tr-.at the--

satisfv born 'a' anc -z- o.- bv , .-

,-^B tnuH sss that p n c s B-z guantit'^ srs = 1 TIU 1 tar-.scu'Erlv dete'""iinsd 

o- demanci anc supply z ' as riarshaij. outs it — uriat ''ŵ  'Tiight as 

reaHoraoi / dispute v-jneths'- it is " te Lppe^" or the lowe*- olade c^ 

5 pair" D-^ scissors that cuts a D I S C S G-̂  paps'-', ss wnether value 

1= governed Cy utility or cost of production." 

'̂larshal 1" s modfel of demand and supplv genef-atinq marl-et data is 

the simclest e"ample of simultaneous sauations in economics. 

Let us take another e;;ample, namely a simple income determination 



.T.Qdel whicn consists sclelv o-F a cDnsump-cion -function and the 

national income identity. 

<d) 

I t I 

whs-e C = cDn=L;jnDt i o n , v'=i ncoiiie, I = i nves-cner.t !J=ei-ror t e rm and t = 
1 1 iTie . 

In t h i s iTicd=l inve5tme~<t I i s au tono i -cus , l e . i ndepenas ' ^ t o-»= 

income V 5nd consuiTot icn 'Z. S i n c e C and Y a r e d e t s r m i n e a w i t h i n 

t h e moaBl , m e y a r e endogenous ^ a r i a b i e H ar z I i s an s-;ogeTOU5 

v a r i a c l e . 

Wil l T.al-e t r e r c l l o w m c aasumou i c n s 

C 1 

s t 
••_"• =! J. i 3 • ^ — ^ — ' 

ano •_ a r e m d e o e n o e n r 
t 

"he e>Q licit dependence or L and V on I and U 

;oivi,-!o the s\ sisi; into ... 
now snown 

_a 
1 -!-

P 
a . - /? 

ft 

G i , e ~ i aample o-f j o i ~ t o b s e ' ' ^ a t lor-is o~ I . - . and I , •-•-•r i n t e ' ' e s t 

la m sa t i iT . a t i rg t^.e oa r a)T.et£--a o-F t h e consu.Tipt i on -fLincticr. Kd^. 

•̂Jow. in eo ' - ia t iop -c . t h e r e g r e s s o r BF:! t - s d i s f j r b a n c s a r e pot 

• - i pco r r e l a t ed , - o t even conte ' i iooraneoua 1 v . The c o n v a r i a n c e o-F Y 

and •_' f̂ a - be round o-, m u l t i o l v ' i n g e q u a t i o n I'g • t h r o u g n o u t bv U 

and tat- m g e p e c t a t i o n . 

E f Y U ! - - — E < ' ( J ) r - - - I E ' , b :• 4- — - - E ( U 
1 - ^ ' 1 - /? I — I 1- ft — ^ l 

. i h ) 

1 - ft # 0 ( u s i n g t h e a s s u m p t i o n s ) 



Tnus, i-f least. square metnod is 

consuinp'cicn -i^unctiDn, the estimates 

consistent. 

aoplied directly over the 

of a and ft will not be 

Let us c o n s i a e r t h i s e , : p l i c i t i v , 

e s t i i T s r c r o-F ft in <d"' i s . . . 

The classical least-square 

D = 
Z • ,«-" /?Y 

- i 

- n -I-

— ,'> — 
i J — T 

'̂ 4 C W ^ T -<n'<'!- ± : 

'-•-.r^'-i 

= E U 

5 1 111 1 J. a r i V . 

:BsTiQ l e 

cere'-ai conditiors 

V — ^ , 2 

cy 

u nee'' 

J. 1 iT ,'? 
C y V 

-1 2 

Thi= Enc'vjs that tne 1 east—squares estmatzr will not be 

consistent. The direction o-F the asviTiptct ic bias is clear it we 

emclov the economic information tnat rne margi-ial crooensitv to 

consume lies between cero ana one ; with D ft 1, plim b ft. 



We sho'wiln rhersrare go -for alternative methods o-F estimation -far 

such cases-

The aODve 'Hodel is a simple one and can be extended -Further. 

SuDPGse investment is in-fluencec! bv intef"e = t rate, then 

in-sst,T>ent becomes G~dcce~C'i_<a. Now, the 'T'cdel will consist o-f 

tnrse endcgsncus /ariatfles. For gene'-al isat ion, we should 

sceci-fy as Tsan, relations as ther's 9r"e endogenous /ariables in 

the model. The c i assi-^ics" ion c-F endocercus and ore—determi nsd 

variaoles Which includes e\oaenc'us and lagged endcgenoua 

, -I - . ^ • , - 1 - = ^ - ^ - ^ — ^ - rpS- . = •_: W LJ 
• ^ ^ " ; i = : = 1 iptionE ur.de'"i\ing the 

conntructiCT c-f the moaei, ""ng ^al_i5= of the e .cgencuE variatlsa 

a):'B corppletely dst£>--mLped o'-.t=ias t^e systsit -\r.cBr corsi der ?t i en, 

wnereas t He v'alues o-̂  the laqgeci e~cogenc.ua variables â 's 

represented b-y the paat ,'̂ l'_iss of tne endcgencvs vsriaclss c"= tha 

model. 

.̂~ J2 — ̂ ''^^'^f~*\ I I _ 

l_'r ^•: 

!!'_ 

-T-1 ̂  ̂ - 7- r-i £S «•- ' a "* 

equauic 

eouation mc. 

be writts- : 

; : :eveicn 

u = t 5 - 5 

oer 

1 1 p e a ; 

e i a 11 o'". a, he 

",ui taneouH 

"•cdsl ma/ 

1 1 I t i 2 2 t I G Gt. 1 1 1-. 1 2 2 
+ n r = tl 

1 '•>. V I i t 

Y -f 5 '^ -
2 1 I t 2 2 2 t 

• - - b = - t ^ -r. . ^ - b ^ = U , 
2 G G t 2 1 I t 2 2 2 1 2 k k t 2 l 

-r Y ^ a Y 
G 1 I t 0 2 2 t 

? '-' ^ D ^ + b J< 
GO a t . a 1 I t 0 2 2 t . 

-t =' =U 
G J - tet GC 

i^he^'e r ' s 5 r e endoue~o,_ss - ^ s r i a b l e s . t n e X ' e a^e p - e — d e t e c f ^ i psd 

V5r i 5 D l e £ . L!'a ^^-5 t ' - e s t o c n a a t i c o i s f j - c a n c e te t -ms ?nn t i s 

1 n e c ^ c.. u f h "le structural coef fic lents. ;h'=r"S 

3re 3 erdogenous ano r pre-aete*"mi ned /ar laoles in 

The unoe'-ls'ing tneor,' m gene^-al will aatisfv t-̂ at cnlv a email 

numoer o-̂  all the v a n aoles o-f tre model will occur m anv one 

equation, ana tne matrices *-• ana B will nave a consioeraole 

numoer of te'-os. ^^urtner m eacn structural equation, one 

endogenous variable can Dy convention be reaarded as t^e 

file://-/r.cBr
http://e~cogenc.ua


deoendenc vanaDle, the cae-f-ficient of which is equal to unity. 

This 15 !• noî ri as the ncrmal izat ion rule. Again, some equations 

mav be identiries which means ail their coer-ficients are known ana 

that they ccnram no stochastic aisrurbances. 

The .Ticcel mav De writter 

AV + BX = U 
t t t 

t ne •T"(=it''"ix i-!_i''"i"n ^L^= 

. . .hers 15 5 •-' >, b m a - c r i " o - c o e 

. - . i = = 1 • I C i ' _ X 

v a r i a b l e s , Y 

ar-c3 U IS a l s 

T h a t I S . . . 

1 ccaUiT.)- -^BL 

P f ' e ~ u e t s'̂ 'fT i ned 

^' f X 1 5 5 K. V i c o l '_• ifi >"' •' S C t D f" 

t - - f - i c i e ~ , . . 5 u 

f coe-f^-^ic 1 = i i . = '-i-

'- •y I, 

1 1 1 2 

2 1 " 2 2 

a 1 G 2 

' 1 L 

" 2 1 

I G 

2G 

1 1 1 2 

2 1 2 2 

G 2 

-•It 
Jz t 

U G l 

1 k 

"2K 

GK 

J 

I - t h s ' " s a - s 
J > — - -

X = i-̂  J. i t s e q y a ; i n i z y -• : 

t - e 

I n t h i s m o c s l . A i s a s o u a r s .T ia t ' - i x s - d i s sssut-ned t c bs 

' " .c- i -Ei r -gu I . - - . s m z s i f i t -,--'=: P u t , c r e c r fnors o-f ths? s - - - u c t u r a l 

- s i ^ r i z r - H .•,ic_'ld T-s-'S-v bs 3 l i " s s - c o r r b i n a t i a m c-f o t h e " -

s t r u c t u r a l r s l a t i c n s , t h ' j = t s i n q r s d u n d a n t , cr i f t-^e rows c-= B 

d i d '•.ct obey t h e sa.T.e l i n e a r - - - e s t r i c t t c - s ?s t h e .'ov-is z-^ A t h ^ G 

5 ~ r u c t ' _ . - ? l S3 c a r 131-= WOL 1 d be 1 neons 1 s r e n t . ~ne S . T i a i r i x i s 

g e n e r a l !•- r o t a Hqua' "s M a t r i v . Tne 5 e q u a t i o n s i n t - . e s r ; - j c z u r a l 

-ror'Ti j o i n t i v Gete<--iTi i n e fc-f" e a c n o b s e ' - v a t i o n , t n e / a l u e o-î  Z-

e n d o g e n o u s v a r i a o i e e , g i / e n >• o r e - d e r e ^ i T i i nea v a r i s o i e s , 3 
_ 2 _ 

etochasLic aisturbance te>-"f75s ana b -•- br- coei-ricients o-f the 

systsn. ~ne srocnasri' 

1 naeDendent 1 y diet-" 1 outed over the samoles with zero mean and 

Disturbance ts'-m U ars identically and 
t 

6 



CDFiBtant c a n v a r i a n c e m a t r i 

bince H IE 3 ssumeG -ro be a ncn—si naui ar mai:'"!;;, we can solve -For 

nhs veccor c-!- ̂ ndDgenous variables V uy ore—mult ipl yi ng \1) bv 

•̂  . Tr.uE we :3et= - , 

- _ - i ^-.' ^ z - ^ i <v = — ^ 
•t t 

w r e - s . 

Y = y 

G x i a- .k k 1 

_ _ _ . - 1 _ 

G ' k G ' G G ' K 

i ' — n _ 
t t 

G ' l G K G G M 

G x l 

•t 

I r •Tis.-'-ix -rorm -cne P a 

1 1 1 2 I K 

2 1 ' 2 2 ' ' " ' 2 K 

G 1 G 2 

ancj V .Tiar. 'iz es car b; 

i -> i_>u i :=} i t — U i : 

:es X 

a z 2 e Y 

• T i a t r 1 N 

irisa^" "^'-'"c'ci —" 3"i~ 5 i l pr 'e cs"!is'"'.'T;ir"ie_i 

L C d 1 S T: '_I <•" b 5 ~ C 5 1 5 r" ~i U . > M e 

l e m3Z> r e d u c e d - i - . r iT i 

c r e ^ - ^ i c i e n - = and V • ^ i _ ' _ " _ _ i t n l w V_ 

; a r c s te'"iTis, 

•"_1~ ̂ ~eDi.'S BQuariDP -roei tr _n HIT" ~H~eDi.'S eGuation ~:iQei ^TSB ordina!-'-/ leas" sduars /netncd 

endoger-'ous va-^iables are Drese~'t aiTiong the e-'Dlanatory vaf'iables, 

ai: least i r. g=ns-"al. However, i~ tr-.e reducea roroi equation, the 

BMplanator •-' variaoles ai-e represented bv the pre—determi nea 

variaoles o-f the s-.'srem so that QLS es-ci.-natcrs o-F the reduced 

-For.T coB-F-Ficienrs are consisrent. "This suggests that we may try 

to estimate the structural coe-f-Ficients via the reduced -Form. But 

here again a quesricn may be raised - why do we need to estimate 

7 



the structural coe-^-Ficisnts, when zhe rsauced form coe-*^-Picisnts 

wnicn can be i-nown tell us all we need abcut the economic process 

under review by determining the outcome -far any diven values of 

the Dre-aererfPi ned variables" 

The reasona whv we muist t--/ ro esrsDlisn the structrai 

ZDB-^-^izisnts have ceen given bv flarscnar '. 1°S3'. The basic 

arz-_.Tre~i is thar by its '^5<--v definition sach 5tructu^-ai equation 

descrioes a speci-ric, distinct ano tnere^v autonomous imi- in tne 

econo'T'ic orocess. "T'nis autonomous -z^^.ar ^c^sr o-̂  5tr-'_.ctural 

r-el 5L ior.= sisD •Tieans tnat tne st-•uctural CCS-^T^IC is-.ta Sre rr.cre 

staole, •TiC.r-e 11 !• 5 Ci-sital consta'-.ta, tnan ars tne rsauced form 

~ " '- ' - i. = t- ̂ -p. --!=.n\ ..-=^ • :oiTiDC''S m e s , t_ r~ '_i i_ i_ i_i r d J. '_'_/&'' 1 '_ 1 ^ ' 

z^^ -^ - i ;u_;ucru 

tnanges srs oetts'" capable ^ — = '_! ' 1 =1 L-i i ! 

r o r m 

i n t u i t i o n ano t n s i ' " 

? d i E c u s s i c 3na 

Sirs iTioi-"e e a s i 2 y 

c o m p a r a b l e w i t ~ t.-^s s c c u m u i a t s c ; e r p i . - i c ? ! e - i d e ' ^ c s w n i c " '•s+^ef's 

t o t h e e c o n o m i c str '_ 'ct '_.r-e 5r\d n e t t o t ^ e f -ecuceo -crm. 

.-iow, g : 
A = U 

O^G G'<1 GxK K ' 1 

= i i . _ . •_,!!= r e . l : u C = ; ! 

G - 1 

P X 

a 'K K <i 

the qusstitr that ari=a= is : Can 

Da'-aiTiste'"s o-= tne =tr'_ ctt c-al forfr,, 

a^c 5 Brc the covariance Tiî tri't Z 

tbt^in the estimates of the 

z, ctef-Ficisnt mat-ices A 

•t i t G -cG = P 11 12 1 
2 1 

G l G2 

C 
2 0 

G G 

g i ven 

coe f - ^ i 

"le e s t i m a t e s o f t h e o a r a m e t e r s o f t h e r e d u c e d f o r m , 

. e n t m a t f - i x P a n d c o v a r i a n c e m a t r i ; ; Q o f . . . 

8 
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C a v V > = E-V V'' ) = E L B"^ U u'' ( B " ^ ) ^ 1 = B ^Z (B" ̂  / = O '' 
t. t t I I 

Tnis IS 'Where rhe problem c-F i aert i-*̂ icat ion arises. In oraer to 

sstimare tne jDarame-cers, it is nscessarv that tne equations ars 

1 dent i-^ied. So tne proDlem o-F i dem: ir izat lor is s ve'"y imoortant 

QroDlejTi in tî -e escimation o^ siarameters -*̂or it deals witn the 

Droc'le-Ti o-̂  -Finaing a unique solution -tor tne structural 

paramets'-'s -̂"om tne -educeo -form cos^-Ficients-

In ca,BS the narameters can De est i mats a -rro.Ti tne reduced form 

parameters we say that tne svsteQ := i dert i-f i a:r le otherwise we 

S5y that tne S'-'Stsi~ le unds"-! dent if lea or L"^I asnr i^iec. I!" ether 

•'jO'-ds, a svstejn o-f structural equation is identi-fiea i-P 3nd only 

i-P every equation o-̂  the SrStS'-'-, is i oer-.z if ier: i"̂  any equatic-. is 

not Identified, tne ŝ Ete--' is not; i ds-it if i sd, 

•^ structural enustion rhst is idsrti-'^isd is just ar exactly 

1 denu i-*=iecj i- snc o-lv i-*̂  t"".e'"s i= =• unique wav or ralculating 

Its para>-ete'-E. It is o ̂er--i dent if leq i- tree's is mors than c.-.e 

wa--' to oalculare its oarai-ne-r̂ f-̂  -̂ rom irs '"soursc for.T̂  paraits'ter s. 

leading to restrictions on the reduced—forT; parafiiersrs. 

1.4 THE ILEHTI-ICATZQ^' np fl STRUCTURAL EU;JAT:OM ; 

t •r-)D._ild oe desiratle t't' havs some gsr.e.-al ruls ^of determining 

•"•e 1 dent i-^icat 1 on ataius o-̂  Br j giver st'̂ uct'-'-'a 1 souatio". Et'Ch 

i .-ule can 3s aerived m r-.s -Following -sy.,. 

he St'"uctu!-"a 1 equations 5*̂ e = 

- Y, + E = = U 
t I t 

-"c tne f"educed form sc^uatio~s ars ; 

V = A-^U 

and P = -A & 

Or, AP = -B 

Thi= IS the relation used •fo^- determining tne identification 

status of a structural eauation. Writing the relation m matrix 

form, «e nave ... 



a 
11 

a 
21 

5 
Gl 

^tz'' ' ' 

2 2 * ' ' ' 

" G 2 ' ' ' ' 

a 
l a 

a 2a 

a 
GO 

P P . . . . P 
1 1 1 2 Ik 

P p P 
21 2 2 2k 

r '—' . . . . r' 
G l G 2 Gk 

• " " 

b b . . . . b , 
11 12 Ik 

b b b , 
21 2 2 Zk 

b b • . . . b , 
G l 0 2 Gk 

=r a s i n g l e sq i l a t i o n o f t h e s y s t e m , s a y t h e f i r s t s q u a t i o n , t h i s 

rl_!_!!l<=^ . 

[ h 3. . . . . d I 

11 12 I G J 

--• P . 
1 1 1 2 I k 

L i t f a i • • • • fj 

G l G 2 

i k 

Gk 

= -Fb b . . . = b 1 
| _ 11 12 i k j 

r = - n ', Da ; 

If all the endoQsnous and pre-dstermin-sd yariablas of the system 

do not appear in the first equation^ some of the â 's and same of 

the b'B will be equal to zpro. 

Let b = numtar of endogenous variables which acpear in the 1st 

equation. 'is, the number of nonzero elements in a ) ; 

& = b - b : 

K = nLvmber of pre-determined variables which aopsar in the 1st 

equation| 

K^ = K - < ; 

Without any loss of generality, we assurr̂ e that the elements of a 

and b are arranqed in such a way that the non-zero elements 
1 " 

appeaf- first and is followed by the zero elements. Then a and b 
1 1 

c a n be p a r t i t i o n e d a s . . . 

^ = [• a 0 ' 
A AA J 

b = fb 0 1 
1 L * * * J 

» (6> 

w h e r e . = Ca a 
11 12 

A 
( I x G > 

°AA = ^ ° ° 
AA 

<lxG ) 

0 

1© 



B 
* 

{Ixk > 

= C b b 
11 12 

= C 0 

b « : 
Ik 

K) matrix p can be partitioned ccrrespcndinqly. It need 

not contain any zeros but its rows correspond to the endogenous 

variables and its columns tc pre-determined variables, so we 

wnere, 

1= inq nd 

^A* 

> * * 
^AA* 
p 
AA** 

<7) , w 

A* 

AA 

ca 

* 

>-» 

>-» 

>-» 

v» 

<5^ 

<G^ 

(G^^ 

<S^^ 

n rewrite 

A** 

AA*-* 
^ — 

!.••• 

k' 

/•. I'-. 

(5a) 

W) 

A AA 

A* 

AA* 

A»* 

AA-** 

= - Lb 

"his leads tc- the following equalities ; 

A* 

. (8) 

A** 
( 1! j > 

^ince ons o-t- the a^s in each structural ?qu3t ion equal to 

unity, the equalities (?) and (10<> involve ;.G -i; unknown a^s 

and k unknoi^n b'-s. The equality (iO) is particularly important 

for us as it does not involve any b's. If we can find the 

solution of a. -From (10). we cs.n solve for b. easily fram (9) by 

substituting the values of X n The equality <10) 

contains altogether K equations, one -hor each element of the 

^ixR ) vector = So, if we want tq iSbtain a solution -fcr the 
A A 

<b -1) unknown elements of a., we need at least CG -1) 
A-

equations. That means we require... 

h. .^= G (11) 

aa 



This IS known as the order condition o-F identification. This 

condition which is necessary -for the ident i-f ication o-F a 

structural eauation states that the number of pre-determined 

variaDles excluded i^ram the given equation is at least as la^gs 

as the number of enoogenous variables included in the equation 

less one. It should be noted that this conaition is only a 

nsae^sa'--y and net a sufficient condition for identification since 

the r equations in ',10' may not be independent. That is tie 

equations m HO^- mav contain less than b -1 aifferent pieces of 

1 t̂ fcr-T.ation about tns ^-elation between tne a'= and the P's. 

There-^cre, the nece=sa'"v anc su-f-̂ icisnt condition -̂csr 

ident 1-̂1 cat ion is that the numoer of independent equations in 

lO> IS b -1. Thi= will be t̂ se Ga=s if and on̂ '- i-»- the croer of 

tne las-qest ncr'-zero determi'-sant ha-: can be -f^crTssa -^-cm a! 

s q u a r e s u o m a t r i c e s z-^ r A** - f i a t 1 = and on] 

•api- A** 

This 13 Known as tne rank condition for identiflaoi1ity. 

1 ne •ant of P. A** ' 
Structural coefficient matrices as follows 

can be dete^-mmed by cartit-oninq tne 

A = •"-̂  ^ -J 
AA Jtt = 

wnere a„, b . O,^ and C A * AA are 'ow --ectcrs de-Hmec as m 'o and 

Where, 

AA 
B * 
B 
*•* 

>-» <G-1 ' 

>- '> \ iT J. f 

-A 
'J 

-AA 
b 

Should be noted here that A.. and B are matrices of tne 

structural coefficients for the variables omitted frî .̂r. the 1st 

equation but included m other structural equations. Let us now 

form a new matrix e defined as... 

S = CA,, B 3, 
AA •** then. 

12 



12a. 

This can be graved as -'̂ cslicws. Let e„ ce ae+^med as. 

•** AA 

The - s - t 3 f e IS t h e saine a s t n a t c-F e s i n e s t h e 

m a t r i ; i s n o t a f - ^ e c t e a by s w i w c h i p g any c r s iumns z-r : 

r" a i i k 

iU =1 

rov^ z e i - c s ^ 3 t h e m; 

^ J D W . "9 —fi'"' ijt:? W ' i _ " t t r n a i ; 

© = 
* A 

A 

"AA 

AA 

A*-* 

AA-** 

"A.AA 

w r e " 
A _AA : t - ' i > a-^ r e ' - r s , =nci I i s a n 

i^A 
X 6 ~ " . To s e e t h a t , we carry o: 

•nu l t i p l i c a t i o n i n t h a a b o v e e q u a l i t y r 3 r e t a i n . . . 

~A,AA ~ ~ 
d e n t i t y r - a t r i x OT 3 r d e 

- a P 
A A*-< 

( -A P - A P _ ) 
A A"*-* AA AA** 

a n d froiTj - t h e e q u a l i t y -^^ = - f i t - o i l c w s t ' - a t . . 

- * * •*•-> 

wsir .g t h e z-eGf-eiTi t n a t i-^ a .riati^ix 

n c n - s i " g u l S'- ->a t r iK j t h e p f t ' ^ u c t f^as t h e 

• j r i t s . . . 

'• a nK -5 • = -s'^k • H e ' 

A** A«AA 

; 1 5 T.L'it i p i l e : : 3y : 

Ea.-̂ e !-ank a s C, --Je car 

= rank 

^ ^ * * AA 

A** A , AA 

AA** AA 

i j 

'A** * * , A A 

AA** AA 

13 



= rani- - P * ^A A A 

A»* A,AA 

AA,** AA 

rani- '. ̂" = + b 
AA*-* 

_ *•* AA 
wne^e u . , ana >_, , are zs^'o matfizes at order !• ,( o 

• -* , A A A A, * * and 

.AA 
•ssus'zn: • = _ , ' , = : , . _ j 

c:r:3er K 
• ¥ * 

.5 an i35~tit-' Tiatrix c-̂  

•̂  cz-ve-ien- wa-' tr- z^eck the rark zanaizior, i= tr write dcwr t-̂ s 

(T.atrix c-̂  all cre-F-fizie^ta m the etructursl -^3-m, zfzse rut the 

ccl._'T'n= m w^iich f^sre ?!-e nc^-ze-o entries in t^e let f'zw. le. 

i-*- the eqi-.atir:n to De identi-^ied i= the -^irst e::;uetIQ", =t»"ike 

zut tt-e let ro".-j itse:-= and tnan c"erk t'̂-e rank z-̂  the ^-es.-ti-ic 

•iiatri . 

The z-rds'- end -"â ^ cm-dizizn e*^abiee ua tr eet uc the -fc^lcwi-a 

gene''?! ri-'le -TCIT' detie'^Tsimn" f'e i de-'t i"̂ ica"t ic^ stat'jE z-^ 5 

sc'-.a't̂ wi IS e ,ac"ii de'-ti^ied. 

-1^ then the structural 

1 arc rank P 
i\** 

"e- tre etructursl 

-1 BP-d -a-i< P 
iii* 

:. then t»-e structur-al 

t~en rhe structurai equation 

unidenti-Pisd. 

The aCDve rank and order conditions ^̂ or 1 dent i-<̂ iabi 1 itv have been 

stated in terms or- pcDuiation parameters on the assurnDtion that 

none o-f the structural Darajneters is ecjual tc zero. But we do not 

• now wnat the /alues of tnese oa-^ameters really â 's and would 

like to test the hvDothesis that t'̂ ev ars eaual to zero. I-P this 

hypothesis were not rejected in every case, some variables would 

1^ 



be CDPSidered irrelevant and there-Fore should not be counted 

while checi'ing the order conc3itxon -For identi-Fiabilitv of a 

EtructLiral sauatio--.. Thi= means tnat a structural equation that 

aoDears tc> setis-f̂ v the order ccpditicn a criori, may not, m -Fact 

satisfy this condition wnen ihe i,••-'- = lev ant variables have been 

discaraed. ThereforSj we -".ay want to consider the 

identiflabi1ity of an equation as 3 hypothesis to be tested 

instead cf •'eiying on prior specification. 

i"^ ... - i L'-' i :i-_f£ANC^ 

'jn^K I AnCE-I I'v AK I ^UCE •-*!A-

In the atcve discjsssirn, che exami ~at-c>n of t'"'e idsnt i-^iabx I i~y 

c3"di~io"s HaE been co^fi^sd to the specification of t*"'S 

Etfucturai equation and no refsrsnce has cssn "nads to the 

---aKia-cs-ccvarlancs Tsst̂ -.x cf ths iisturbancs. We havs shewn 

that i dent if ic5t 1 c^ cf a structural equatio»"< ca- ce achievac ty 

not disc_'ssedj but 1 dent 1 —ic3c icn car also oe achieved oy 

no-i-ce'̂ c -estr ict lô ŝ ĉ s the strvct'.'-a 1 coe^^iciercH ec. by 

Ecscifying that SQ"~5 ccef f 1 C isita are s3L.ai to civs~ nL'rT;fca'"5 cnat 

;̂-"e ~C't ~sces = a!-ily zsrc, zr cy soeci^yi"c ere ratio cr '-atios 

cst-'ifcen cce^-^£ci5-""C5 in a li~e5'" equation. If thin 1= the cass^ 

then it Ehcula =lsc ca pcEEicls fcc schieve identificaticr fcy 

prior rsEtr ict ions orj t̂ "5 v^r 15nce-cc v^r lancs iTsatrix c-= the 

i!i=t-i-b^rcs=. 

.at E = E'_ _•'. 
•t t 

.E 3 3 'K E -nat-isc, t-s ta-iis en t̂ ê princical diagonal 

"se variances fa = = arr,sc constant^ cf t^s disturbances 

ana t'̂ e o-t̂-̂  diagonal eienenta. the ccvariances beri^een the pairs 

o-^ disturbances. If sDecific restrictiors can c-e placed on aoi""e 

o-f tnese elements, tney consticute an additional source of 

icentifymg Dower. 

As will first e;;amine the restricrions on the covariancs 

us consider the model 



Y -r r ;c = U 
1 1 1 1 1 

I? Y 
2 1 1 2 ^ 2 1 1 

ft Y 
3 1 1 3 2 

;; =U 
3 1 1 3 

l ^ i -cncu t •furtr.er r e s t r i c r i c n s a n l / t ~ e - F i r s t e q u a t i o n : 

1 i s n r i r l a t l e and t n e s e c o n d anc t h i r d i = n o i . We s h a l l , hcwe'^s? 

e ;<3mne t h e i d e n t i - F i a b i 1 i t y o-F - h e "Tioael a g a i n ny c o n s i d e r ! ' 

a d m i E S i t l e t r a n s f o r f r i a r i o r . ' n a t r i c e = . as t h i s a c p r o a c n - F a c i i ; t a i : = 

t h e stLiwV OT r e s t r i c t i o n s on v a r i a n c e s 3ir;c c o v a r i a n c s s . 

I * s n c L i l d t s n o t s d her-5 t - i a t a t r - a - 5 - * = o . " - a t i o n .•natf- ix •^-I'.ich 1-

n D P - s i n g u l i T i s a d i T i i s s i c l e i-F t h e t ' --a"s-^r-""^ed s t i - u c t L - f s s a t i s ^ ^ i e ; 

:? 1 i t - i s a c r i o r i r e s t - i c i i c i s on t : r s o r i o m a l s t r v c t u r e . 

•»-r-,^n = -? o ".Tiar 1 cn ma': - 1 x 

1 1 

2 1 

3 1 

1 2 

-;z 
2 2 

^ 
3 2 

1 3 

_: 
' 2 3 

3 3 J 
^E: trans-Formed -Fif-s-c equation becomes. 

11 12 21 13 31 13 3 2 13 3 1 1 1 1 12 21 

1 3 * 3 1 1 1 1 ^ 1 1 2 2 ^ 3 3 

^f tne COS---^iciants z- the t-- = -s-or'ier: equation are to c-csy th; 

ssiT.e restrictions as those of the original equation, 

h a . e , 

r'*6r lil-l 

1 2 2 1 1 3 31 

1 2 1 3 3 2 

Q1V1 n q r 
1 1 = '-) ana r 

1 2 1 3 

' he a d r n i s s i b i e t r a n s f o r m a t i o n 

•T ia t r i x I S t h e n a i v e n D\ 
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21 

31 

i nc j i ng t n a t t h e f i r s t ec 

;nir-d eaua t i c in i s n o t . 

0 0 

-f -F 
22 2 3 

32 33 

ieticn IS i d e n t i f i e d and t n e second ana 

cucoGse, v-̂je can "i!_»v DcetLi la t t^ » . 

E = 
c 

2 2 

3 3 

Tne v e c t o r cf dist-.T-Dances in t h e trans+^c-'.^eD s t r u c t u r e i= - _ ̂  

and sz t He - a r ia.rce—cc% a n ^ncs ""•at'-'ix f r r t '"e ZI='Z'---'CB~CSB cf t'"'e 

t -an=fc '-T.ec s t r . r c t u r e .B... 

P - & 
/ _ / 

r 

Cons ide r , 

21 

31 

22 

32 

23 

33 

r 
11 

21 

31 

2 1 

' ne ncrmal i c a - i a r . c c - n d i t i m r-n - i - t ^ e aecc---
2 

1^ t n e t h i r d g i v e . - . 

" J 
d e q u a t i o n a r d zn 

o 
2 2 2 3 3 2 

3 3 

and the exclusion of Y from the second equation qives 
3 

Which a l s o imol i e s 
2 3 

f = 1 
2 2 

17 



Thus F 13 nci^. 

u 

21 

31 3 2 

We nave n e t \ e t r a n s i d e ^ ' e d t h e e-f-f-ect o-P ze'"D CDnva<-"ianc5 

r s s t r i c t i D n s c = c - zf -
1 2 1 3 2 3 

tr-ans-^Dr-fned e t r u c t u r e ' 1 3 ' . 

These TiList be e a t i s r i e d b , t h e 

H p i r - f - ^ . 

-/ 
2 

3 

^ / 
3 

"he -Fi- = t c-̂  t h=55 g i v e s , 

3 3 

21 11 

5C t h a t , f 
2 1 

ana m t n e same "wa*. t h e =ecc-rd ans t h e t h i r d c r -nd i t i on? 
3 1 

32 

•matrix I S . 

T" - e r e f c r s , t h e c r 1 y ad-r . ia=ible t ; 

ana a 1 11 m e tnr-ee equa t iZ 'ns a r i der-,t 1 -^is' 

Tne aDQ/e iiicdei nas twc -Features, -iz, a t'-iargular r TiatriN &7^ri 

a diagonal Z .Tsatrix, Tne pfssence cf t^.eas two ^^eatu^es de-Fines 

a .-BCLirsive s/stem. Ail t^e equatiQns o-ŝ  the recursive svsteni 

can be identified and simoie estimatir-n procedures ars avaiiacle 

for sacn -1100315. 

Let as rsow consider the restrictions on the terms on tne 

principal diagonal of Z. For this purpose, let ue assume that 

a 15 equal to zero. This implies that the variance of the 
11 

first equation 15 zero ano this equation is exact rather than 

-18 



;rochaetic. To ccnsidef- it= identif labi 1 itv we uss two 

:c;r.diti"r.=, Firstiv, any transfcrmed -First satiation ^ust satis-Fv 

:ne aprio-^i f^estricrian a-^ z^s fir=t sqLiation that is... 

1- -> -p = <-
1 

Secondly; tne di=tv.raa.nc5 

Ds zB''z>f that 1 = . = . 

a c-P any x.f-=n = -^'2rT;ed fi- = r aquation mu=t 

1 

Cutting trssa tv^c rc-nditions together gives. 

4- ^ -"-̂  

I-F the first eauatic.". 15 to be Identifisd, the f -ez^c^-s 
-' 1 

s a t i s - ^ y i n c 1-* rsL'st be s z s l s ' - (Tml t ip les a-F o r e s n c t h e r . l^:-s 

t h e n e c e s s a r y and su-P-f^icie"t r c i ^d i t i r " - f c r t h e 1 cs-^t i-f l a b i i i t y o-f 

t h e - f i r s t e q u a t i o n under t ' - e s d d i t i o n a i r = = t r i c t 3 o n ::- = I i s . . . 

J" 

It shculd fce ncted that i-F ?li tre ot^e- 5 disturbances 5re nari 

zs^-c J> Z> = 3-L and ths -a--k corditic- £-F '.f' N I 3 1 ts satis-Fied 

even i-P there are no apriori restrictions on the ^ and y 

ccef-f icients. 

_et the -ncdel be . 

Y ^ 
1 11 1 

21 1 
r 4- V 
1 ' 21 1 

Uitnout restrictions on E tr̂ e second equat; 

I-f ncwe^'er, the second equaticr becomes... 

net identi-Med. 

2 1 1 2 21 1 

tnen, 

Cf 
1 1 

0 

0 

0 
__ 
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and -Fc t h e second e q u a t i c n . . . 

i") <') 

•-"iitr -"3'̂ > 1 = ^ - i . , 5c t n a t t h e secr 'nd e q u a t i o n i= ident i - f iec3 . 

I t s hou ld be r-e/rsernDsrsd w n i i e E Q i / m g t h e I dent i f i r a t i c n croDlejii 

t h a t 5 n c n - e t c c h a e t i r e q u a t i o n which ^ccvire -Frequerstiy i " t h e 

e c c n o m e t r i c moael i s t h e i d e n t i t y , w r s - e t h e dis turnja-sce te'-m i s 

ze»-c and t h e cce-'^-Ficier>ts a-f t h e V 3 r i a b l e = a r e known. "^rr 

1 ns i_ a nc e -

Go t s p e r i v l u r 

and 

N a t ' . : raw 
X-^zz.-^e, 

J 

Q u a r I 1, • 

d-arncrde 

D 

V 

^ 

Go 

•^1 

r = 

i j p 

= 

Q 

3 

U 

U 

I r »'. 
« . ;p . 

- 1 

ar t \ . t \ 
ppL'.&d 

Ir =_ich r^ses p-cble<"n o-f i dent i —icat icn dce= not arise. 

In cu'- discussion we have dealt only with models which are linear 

in variables and parsiTieter-s. Many realistic models, however, may 

be ncn-linear m variables and/or a priori restrictions. 

Identification theory for such iTjodsi is difficult and has only 

been partially developed. It is fĉ - this reason that we have not 

summarized such cases here. 
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CHAPTER - I I 

OVER - IDENTIFICATION 



OVER- IDENTIFICAT i QN 

2.1 HEANING OF OVER-IDENTIFICATION; 

A model is said to be identi-fied iF it is in a unique statistical 

Farm, ie, iF it enables us to Find unique estimates oF its 

parameters From the sample data. Given the model... 

AY -t- BX = U 
t t I 

consisting oF G structural relations and the corresponding 

reduced Form-.. 

where. 

Y = PX + V 
I t • 

P = - A"^ B 

and V = A U 
1 1 

an equation Q-f the model is identiFied IF it satisFies the order 

and rank conditions. vi2. . 

(1) The number oF pre-determined variables dropped From the 

given equation is at least as great as the number or endogenous 

variables included in the equation less one. 

(2; The equation is identiFied iF and only iF it is possible to 

Form at least one non-sero determinant o-f order (G—1> From the 

coeFFicients oF the variables excluded From that particular 

equation but containeo in other equations oF the model. 

The entire model or system is identiFied i-P every equation oF the 

system is identiFied. IF any equation is not identiFied, the 

system is said to be unidentiFied. Though the above model oF G 

structural equations may be identiFied, yet exact identiFication 

may not be possible because oF a number oF inadequacies present 

in the system. For instance, there may be more equations than 

the number oF unknowns to be estimated in t̂ 'e System AP = -B. IF 

this is the .case, we can hardly expect the system to be 

consistent. Tne result in such cases is tnat there will not be a 

unique solution to the parameters estimated. On the contrary^" 

there will be more than one way to calculate the structural 

parameters From the reduced Form parameters giving multiple 

estimates which need not be identical. This is the case oF 
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over-idenri-ficatian. A particular equation o-F the sysrem is said 

to be ovet—identi-Fied if the number o-f pre—determined variables 

excluded from the equation is greater than the number of 

endogenous variables included in the equation less one. 

A case of over identification is ilius-crated oeiow : 

C = a + a Y + a C + U <CDnsumptaon> 

I = b + D r + b I -^U ' . i n v e s t m e n t ' 
*. O I t 2 '. - 1 2 *. 

r = c + c Y + c M -«- U ^money m a r K e t ' 
1 •. 2 •. 3 •. ' 

/ = C + 1 + G (income identity) 

Let us first test the consumption function for identification. 

1. uraer conaition : 

The consumption function includes 2 variables and s'tciudes 3 

variables. 

Hence, K 'B-i. the order condition therefore is fuifilled-

2. RanK condition : 

Deleting tne first row and the first, second ana fiftn columns of 

the structural coefficient matrix we obtain a matri>; of 

coefficients of excluded variaoles 

i 

0 

— 1 

1 

1 

0 

-b 
2 

0 

1_J 

'J 

t ] 

The ranK of the above matrix is 3. ihe rank condition is 

satisfied since we can construct at least one non-zero 

determinant of order 3 = <G-1J. 

In the order condition we have seen that the inequality sign 

holds as 3>i. Hence the consumption function is over-identified. 

The identification of the other equations would follow along the 

same lines. 



2.2 DEGREE OF OVER-1DENT I F 1 CAT ION : 

A model i^ identified, is either exactly identified or 

over-identified. Now, a cjuestion arises about the degree of 

iaenfcificarion, the meaning of wnich surpasses the mere counting 

of restrictions or determinina the rank of a matrix. 

If identification is achieved Dy excluding certain variables from 

some equations whicn are otherwise present in the system, tnese 

variaoies must make a difference to the statistical explanation 

of the system in order to give meaning to their exclusion from 

particular squatians. The reason being everything depends on 

everything else in an interrelated system. Although some 

eauations mav be identified as thev satisfy the formal conditions 

or even strongly identified due to the significant specification 

of restrictions, the svstem as a -whole mav not be identified 

because otner individual ec^uations o^ the system are not 

identified. 

vie should also point out here that the rank condition involves the 

properties of determinants of structural parameters wnicn mav be 

satisfied for some values of parameters and not for others. 

Since v>»e do not know the true values of the parameters, wnich are 

to be estimated through statistical inference, it is not possible 

to dete^-mine the true values of a determinant involved in the 

ran^ condition, and therefore it cannot also be stated whether the 

system is definitely identified. It is therefore not tne rank 

condition but the order condition wnicn gives us certain fair 

information. 

Hence it is the number" of endogenous variables present or 

pre-determineo variahj.es absent whlcn will detet^mine the degree 

of identification, rather over-identification which 's of our 

concern. Tne larger the number of pre-determinea variables 

dropped than the number of endogenous variaoies included, the 

greater will be the degree of over-identification. But here 

again, we cannot sav witn certainitv that no pre-determined 

variables are missing and no irrelevant endogenous variables are 

present. Some of the endogenous variables in the equation may -be 
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irrelevant or some pre-aeterminea variaoies may be missing and if 

this be so it will be a case o-f wrong speci-fication. Thus 

over-identification may be considered as a case of irrelevant 

endogenous variables or a case of missing ore-determined 

variables or a mix of both the cases. 

It may be pointed out here that the presence of irrelevant 

endogenous variaoies under certain conditions do not affect the 

estimation of the parameters provided that they are uncorrelatea. 

but missing exogenous variables have an adverse effect on the 

estimation. They always make the result inef-ficient. That it so 

happens, can be shown by taking a regressiun equation and then 

omitting a relevant varfaoie or by including an irrelevant 

variable. 

Let us suppose that the true regression equation is ... 

Y = b K -̂ b X + u 
1 1 2 2 

Instead we estimate the equation Y = b ;; + v 
' 1 1 

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

b 
1 

^ y X 
1 

2 

S;! (b ;; + b x + u ^ 
1 1 1 2 2 

I. -•; " 
" 1 

b + b Z K > ; Z y- 'J 
1 2 1 2 1 

-•-
T- . . 2 - , ,2 
^ ' l ~ "l 

l a k x n g e x o e c t a t i o n 

E (b ) 
1 

b • + b £ X >; - . r- I 
1. 2 1 2 L s i n c e E iU> = <->j 

2 
1 

2^ 



Hencs, tne bias sauais the true coer-ricient a-f the e-jcluded 

•/arianle times rne regressicn coefraczent of the emitted variable 

on the variacie that i= included. Now, if the x's are random 

-/ariabies we tal-e siim instead cf = ipectation, and we get a 

similar -̂ssulr aDDuit: asymctaric bias. "le bias however will be 

rei-'G i-f^ ' anc -„are i^depenaert. But m such a case the 

ill li­

te upward Diased. 

^st -.= no^ cDPSide'' tne case c-'̂  inclusicr of an i"""elevant 

varisbie. v̂DC'C'se t~5 t̂ 'ue ecua'̂ zc-n i= ^ = 3 " -̂  .. 
I 1 

DL1 vsje e s t i m a t e f e e c - a t i c n r = D -̂  c + v 
I I 2 2 

The least saua^'s estimates - F o and c from f^e misspeci-^ied 

equatic-, a.-e. . . 

_ _ ^ ^ 2 „ _ _ ^ ^ 

~ 1 ~ [z_ ~ 1_ [ ~ 1_ 2̂  " " _ " ? . _ 

- ,^ _ ,2 _ „ ^ ^ 2 
~ 1 ~ 2 ~ " l 2 

2 

2 1 1 1 1 2 2 1 1 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

1 2 1 2 

L = 1 n c e - '. U.' = >j'. 

. - ^ . ^ - _ ' - ., - „ 
' 2 * ~ ' l ~ ' 2 ~ " l ' 2 '~ 1 

_ 2 _ 2 ^ 2 
1 2 1 2 

•^ Z • ' z • + • _ • • - E " Z ' s b " 
1 2 1 1 1 2 1 1 1 

^ 2 , 2 
• ' Z ; ' 

1 2 1 

PC e ; i . ' u,' = 'J 3 
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believe that it Is better to inciube variables in the equation 

when in doubr rather than exclude them. But this is not a right 

thing to do, because though the inclusion o-f irrelevant variables 

has no e-Ffect on the bias o-f the estimators, it does a-Frect the 

variances. 

1-f b IS t n e e s t i m a t o r o-F b from t h e c o r r e c t e q u a t i o n , t h e n . . . 
1 1 ^ 

S/ar tb*, ' = c^ / £ \^. B u t . . . 
1 1 

'yJar (D ) = c / ! ; < ' « i - r / 
1 1 12 

where r is tne correlation between H ana ;: . 
12 1 2 

Thus '^ar KB ) =Var tb », the equality holding -for r = 0. 
1 1 ' ^ ^ 12 

Therefore, if we include irrelevant variables we will get 

unbiased but ine-f-ficient estimates. ITL can be shown, however^ 

that the estimator for the residuiai variance we use is an 

unbiased estimator for »". Tnus, no further bias arises from the 

use Q-f estimatred variances from misspecified equation. 

Z.3 IHE £51THATION OF uVERIDENTIFIED EQUATIONS 

From the discussion of identification, it follows that estimation 

of an over-identified equation is possible. Since the model is a 

simultaneous equation model, OLS cannot be used in estimating the 

parameters of an equation as there will be correlation between 

regressors and the residuals giving inconsistent and biased 

estimates. we therefore, have to use other alternative methods 

of estimation such as the indirect least squares method \Ii_5y. 

two stage least squares method <2?i.5'j limited information 

ma,^:imum-l i eel inood method ' i_IHL *, three staje least 

squares method (3SLS) and full information ma;;imum likelihood 

method ^FIML^, ILS, 2SL3 and LiHL are essentially single 

equation methods in which each equation is estimated 

separately using only the information about the 

restrictions on the coefficients of that particular 
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equation. On the other hand, 3SLS and FIML are system methods 

where all the equations o-F the fully specified model are 

simultaneously estimated. 

The Indirect Least Squares method proceeds by least square 

estimation of the reduced form parameters and then uses the prior 

restrictions to transform the reduced form coefficients to 

structural parameters. Now, if the equation to be estimated is 

an exacriy identified equation, there is one wav to do this and 

we get unique solutions with this method ana if the equation is 

under identified, there will be no solutions. On the other hand^ 

if the equation is over-identified, there will be more than one 

way to go from the reduced form to the structural equation and as 

a result there will be multiple solutions. Again, in 

over-identified equations there ars more than required 

restrictions than is necessary to estimate the parameters of the 

equation in question. The difficulty that arises is that in a 

finite sample there is no guarantee that, estimates obtained fay a 

set of restrictions will obey those that Are not used in the 

der i vai: ion, 

~ne difficulty with ILS is that it does not use the restrictions 

to estimate the reduced form parameters and as such the reduced 

form estimates will in general not be compatible with the 

restrictions that are used in estimating the srructural 

parameters. On the otner hand, over-ident i-f ied equations i.̂ p̂iy 

the existence of restrictions not only on the structural 

parameters^ but also on the parameters of the reduced form 

equarions. Therefore, ILS cannot be used to estimate the 

parameters of over-ident ifiea equations as it will fail to give 

consistent estimates. Tne technique is only feasible when the 

equation is just identified. 

The most widely used method for estimating the parameters of an 

over-identified equation is the two scape least squares developed 

t)y II. TneiJ and independently by Basmann who calls it Oeneraiised 

Classical linear estimation method. The basic idea of the method 

is to substitute for the endogenous variables which are 
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correlated with the residuals, linear -functions o-F ail exogenous 

variables. since the variaoles are uncorrelatedwitti the 

residuals, the estimates o-F the parameters will be consistent. 

The Limited - inrormation Maximum likelihood method is another 

alternative approach which gives consistent estimates and was 

developed by Anderson and Rubin- The estimates o-F the parameters 

of an equation are arrived at by maximising the liKelihood 

-Function For the observations on the endogenous variables 

included in that equation disregarding the over-identiFying 

restf'ictions on other struturai equations. This method assumes 

that the structural disturbances ars normally distributed. 

Though the single equation estimation methods 23i_5 and L I M L gives 

consistent estimates^ they are not asymptotically eF-Ficient as 

thev do not consider the correlation oF distui-bances across the 

equation. This de-Ficfency can be overcome by estimating all the 

equations of the system simultaneously. For this purpose the 

Full information methods such as 35L5 cr "IiiL can be used. 

The tnree-staje least squares method devised by Zeliner and Theil 

begins by estimating each structurax equation of the model 

separately by two-stajge least squares, sutject only to the 

identifying restrictions on that equation. The estimates 

obtained are then used to calculate the residuals in each 

stochastic structural equation, and those residuals are used in 

turn to calculate the estimates of the variance - covariance 

matri-; of the structural disturbance. In the 'tnird stage* tne 

coefficients of all the equations are simuitanecusly estimated, 

by means of Aitkens L1934J generalised least-sguares method using 

the estimated variance-covarlance matrix and the identifying 

restrictions nn all tne coefficients in the model. 

Another approach which gives consistent estimates of the 

parameters of the structural model is the full information 

maximum liKelihood method. It involves the application of 

maximum likelihood principle on the equations a-f the system 

simultaneously under the specification that the structural 
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disturbancss are normally distributed, using ail the restrictions 

on the structural equations. 

H study ar e;;periment5 carried out by dif-ferent econometricians 

reveals that in the case of an over-identified equation, the 

results obtained by 2SL5 ana 35LS are identical on the one hand, 

and LliiL and FIML on the other. However, it may be noted that if 

the model to be estimated contains one exactly identi"fied 

equation and more than one over-ident ified equation, the results 

obtained Dy the single equation methods would differ from the 

svstem methods-

PQ 
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SIMULATION OF OVEF—IDEivJTIFIED WODEi-3 AND ESTIMATION 

We have used the two stage least squares method (23LS) aeveioped 

bv Theii ana the generalised indirect least squares '.GIL5^ method 

developed by Mishra, in estimating the parameters or over-identif-

— led equations o-f di-r-Perent models. il: will there-Fore oe 

intelligible to describe the methods at the verv outset. 

3.1 Two STA6E LEAST SQUARES 

Suppose the equation to be estimated is the -First equation of the 

general interdependent svstem o-F equations - . . 

v = V a + >; b -»- U 
1 1 1 1 1 

'. 1. 

w h e r e v = •. > 
1 

;•: 1) v e c r o r o-F endogenous / a r i a b i e s whose 

coe-F-Ficient i n t h e -Fi rs r e q u a t i o n i s 1 

V = CT 
1 

••'. '. i-! .13 -i'Jmatri ; o-f the remaining endogenous 

variables m the first equation. 

\ = kT X h I matrix o-F the pre—determined -/ariabies m the 
1 "̂  

equation 

u = 
1 

i) vector of the disturbances m the equation 

In the First stage the matrix r is computea b>. regressing each 

variable m V on ail the pre-determined variables in the system 

and then replacing the actual observations on the y variables by 

the corresponding regression values. Therefore, 

^ f = X '.X X ' )t / 

In the second staae the regression of v on Y and X yields the 
1 1 '̂  

estimating equations 

X Y 
1 1 

Y X 
1 1 

X A 
1 1 

C 

d k tv 
t3J 

where the vector p c -i will now denote the ^SLS estimator of 

L ^ J 
_ _A * , 

p a -] 1 he above system contains la -1 + K equations in 

L ° J 
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5 -1-^ i Lini-nowns which wiii in general nave a unique sclution. 

The -Farm in wnich rhe 23Lr> equatiQns ars 

derived in f^s -Foilowinc wav : 

usually presented can De 

The iTiatri;: Y can be written as. 
1 

f = Y 
1 1 

wnerg V' IS t h e ^x ^b —i » fnatr i c^- '_'i_= r s = i d u a j . s . 

t n e QL5 f"5siaual= a r e r r^ - iogona l to i n e es-i-T!a-::ea v a l u e 

aece'-de'-ii - a r i a d l e a r c t c eacn c^ t h e e ' cp lana tc r - - va^• 

t r>S ' -e- fQ' -e- . = 

'40w, =1 nc e 

c-= t '-se 

l a fc l e s . 

1 1 
a n d ^ ''••' = 

1 1 

/ 
1 1 

1 1 

/ 
J 

1 1 1 1 
V ' V 

1 1 

/ / 
' + V • V' - V 

1 1 1 1 i 1 1 1 

1 1 1 1 1 1 1 1 1 1 1 1 

1 1 

1 1 

/ 
1 1 

/ 
1 1 

/ 
1 1 

/ / 

Y 'v 
1 1 

' y 
1 1 1 1 1 1 

Thus ti-.e 2SLb estimator can now be wr i t t i en a s 

1 1 1 1 

1 1 

1 1 

1 1 

1 1 1 1 

L x ^ v 
1 1 

J 
ii-



The form shows clearly how the 2SL3 estimator di-Ffers -From the 

inconsistent OLS estimator which is given by 

1 1 

1 1 

1 1 

1 1 

1 1 

A ' V 
1 1 

3. 2 GENERAL-1 SEP INDIh'ECi LEAST S Q U H W ^ S : 

The svstem o-f structural equations i= written in matri,-; -form a; 

AY -<- BX = U 

The reduced -form o-F the model is 

Y = Pi -̂  V 

wnere V = H u 

and 

or A F = -B 

P =- H~*B 

Using UL3 method, we estimate the reduced Form coe-f-Ficient matri.-; 

P. Now the above relation becomes A F'= -B, Writing this 

relation for tne c equation we get 

- b a r 
c 

', IJ 

4 \\ 'fĉ l 

where a is the c row vector of matri H and b is the c •-QW 
c c 

vector of matri;' 5. 
Now. if we arrange a and b such that each of them can be 

c c 

partitioned into two sub-vectors 

iC 2c 

b = • b 
ic 

where all elements of a ana b are Known and all elements of 
2= 2: 

a and b are unf'nown. Accordingly we reshuffle the rows and 

columns of r. Then, 

P 
11 

12 

21 

22 

32 



Writina (i) in matrix form 

C a I a 
4 - 1 2 c 

A 

P 1 1 

y< 

P 2 1 

L 
F P 

12 ' 2 2 

- C b l b ] 
IC ' 2C 

w n e n c e . a r + 
1= 11 

a P = 
2c 12 

- b 
i c 

<2) 

a P 
i c 2 1 

a P 
2-C 2 

- b 
2 c 

Since 3 and b are Known. 
2c 2C 

IC 
-a P - b 

2C 2 2 2c 
21 

P can only be inverted ilP it is a squar 
21 ' 

rank. 

matrix arid has full 

! h u s . 

a = - (a P 
IC 2C 2 2 

t3 } t. I-' ) 
2 c 21 

, - 1 

g i v e s ILb 

Once a is Known it can be substituted in <.2) and b can be 
i c i c 

Knovjn. 

P H o w e v e r , i n c a s e o f o v e r - i d e n t i f i e d e q u a t i o n s , P i s n o t 
21 

square matrix. Hence it is not possible to obtain its ordinary 

inverse. 

We may however, find the generalised inverse of P which exists 

in a case of over-identified equations because the number of 

equations formed by <3> is larger than the number of unknowns to 

be estimated. Thus for over-identified equations 

a =- <a P + b ) •; P ) 
ic 2= 22 2c 21 

<4) 

system (4) has a solution and the technique (3) of obtaining a 

may be called GILS. 
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A -a ( P ) - nas a least square g inverse given bv 

C < P ) ( F ) J t P ) = v P ; ^ 
21 21 21 21 

T n u s . a = - i a P - t - b > * p t ~ -
1= 2c 22 2 - 21 

This estimator o-F a will be cai ledGenerai ised Indirect Least 
ic 

Square Estimatof- or GILS. 

3.3 MfcTriODQLUGv AND ANALYt315 : 

in our endeavour to Pind out the effect oP various degrees or 

over-identiPication on the performance oP estimators, we have 

Ttade use oP flonte Carlo experiments. The essence oP a Honte 

Carlo study is that diP-ferent sets oP parameter values are 

speciPied Por postulated distribution that is underlying the 

model. Large number oP samples oP Pinite sizes are generated 

by repeated numerical drawings Prom the distribution. The 

estimating technique is then applied to the samples, and the 

resulting sampling distribution oP the estimates are compared 

with the true value oP the parameters. The estimating techniques 

used in our study ars the two stage least squares ' Z5L5j^__fnetiTod 

and the generalised indirect least squares \Git_5» method. 

Witn the help oP a computer, we have generated O'-HJO random 

numbers in the universe which gives the raw data Por the 

Normal Iv, distributed errors ha-.-e also been generated 

ana included in the modeis unde^- studj^. Since an increase in the 

size oP the standard deviation or error did not dring about any 

noticeable change in the estimates, we have abandoned the idea 

and restricted the study to the normal distribution oP errors ie^ 

vith mean zero and standard deviation one. Three sample sizes 

have been taken, viz, 20, feO and iOu, and Por each size 30 

e;<periments have been done with numbers randomly picked Prom the 

universe to estimate the parameters oP the model under 
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consideration-

We have improvised Ija^jPGdels, o-P sizes ^4.tij, i5-10>j (6,'y,» and 

W.5;. The -first -Figure inside the parenthesis denotes the 

number o-f equatiors in the model and the second shows the number 

Q-f exogenous variables present, the last o-F which is the 

CDnstant. Each size has -four models - the -First with a given 

endogenous and exogenous variable matrices; the second 

constructed retaining the endogenous variable matrix o-f the -first 

model but changing the e-togenous variable matri;'.j the third model 

-formed by cnanging the endogenous variable matrix but retaining 

the original exogenous variable matrix; the -fourth co n sisting o-f 

the changed endogenous and exogenous variable matrices. ^he 

••̂ irst equaicn o-f each model is an exactly identi-fied equation and 

the subsequent ones sre over-identi-fled equations o-f di-fferent 

decrees. 

The deviations o-f the 25L5 and GILS estimates o-f the ci-f-ferent 

models -from their true values sire shown in tabular -form. We 

shall discuss eacn model with the help o-f these tables 

separately, starting with the smallest one consisting of four 

equations. 
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•ABLE 1 
Nuflifaer g± S a m p l e s ; 2 0 

iSkS 

ueqree o-f *.'JOJ. '.ui +,1 ;t- t- •*- Z'^ Z^-- l-̂'-' !•-'- f^^ *Z00 Total 
Qver-iden to to to to to to to to to to to to •'req-
titicst. -^,.'1 -I-. i -^1 *'' +6 -f*- -^ i L *2'J -^It- +~."u 2l5-' *'^5'^' uency 

0 1 Z 3 J. 1 d 

Degree 2* *,ou. 7. M 7.1 ^i 1 *6 ;̂^ ;il *Z0 t-- t"̂ - iZOu TotE-1 
ove^'-ider t: to to to to to to to to to tc tc ^req-
ti-*icat. t'-'J- t'- 1- T* '- "•' tJ-- "--' ?-- 1-'^' '^-'-' *"--'-' uen:/ 

J . _ i i i _ : 

î ufflber ot £smg_ie= _: uO 

2SLE 

Degree o-' •»-.C'V'l ••-.i'^ - . . ;;;;! *r -6 *^ *•_! ^ I " -̂ Zf •*S -̂ Zuu Tot^ij. 
ovs'^'-ideri to to to to to to •*• 0 to to to t'- to ^recj-
t i + i c j t . t>'-'•*• ^'^ t - * 1- '^^ * •"- "̂ -'-' •^-- *"•'•-' *-Z' * .50 'jenc> 

i 

Jegree o*̂  "̂ , .".'i "^,'JJ. •^ji •'i *• " i •'•̂  ^*^\.2. •'•Z'.' '̂ •Zo •'"+0 •'•̂ O'J i c t a l 
ove*'"-! ie"' to to to tc to to to to to to to to +re ' j-
t i i " i c r t . •^.Ji •̂ . 1 +1 *Z •̂ o *"• •••iZ •*•_'. t,--' *-0 +55 +Z5'J ' j e rc / 

1 

1 : 

56 



' isDie i com 0 

JSLb 

Number o+ 5smple= : lOo 

uei^ree ot * . 0 0 l +.01 +.1 *1 
over - iden to to to to 
t i T i c s t . +, >1 -r.i +1 + ' 

•f-Z 

•tc 

*6 

•^b 

to 
+ y 

- 9 

to 
•«• l2 

1-12 

to 
•*• ~ 1 ! 

*2'J 

to 
+ J 5 

+25 
to 
<V 

- 4 5 
t o 
+55 

*2C'0 
to 

+250 

r o t ill 
•freq­
uency 

L'egree or 
o\'e>'-iden 
^ i * i c a t . 

'J'.. 
t n t o 

i- .. 

to 
+ 6 

*n t o 10 t n t o 
" . 0'. T 01 J . 
t o -*-req-

•J.Z J ' lepcy 
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An analysis o-f table J shows that when 2SLS method is used in 

estimating the parameters o-f the equations o-F the model, we rind 

that two estimates o-F equation 1 and one estimate o-F equation 2 

have improved with increase in sample sire. Wniie one G I L S 

estimate o* equation 1 has improved with increase in sample 

size, the maqnitude o-F deviation o-F one i5ILS estimate from its 

true value has decreased m sample size 60 but has registered a 

rise in size 100. Though one GIL5 estimate o-F equation 2 has 

inproved in sample size cO, it has not recorded any -Further 

improvement in sample size 100. While there has been no 

improvement in zhe 25L5 estimates o-f equation 3. one GIi_5 

estimate of the same equation has worsened and one has improved 

in sample size sO. Tne frequency distribution of sample size 100 

however has remained the same as m sample size 60, we also find 

that thougn one 25LS and one 5IIL_5 estimate of equation 4 has 

improved in sample size 60, the magnitude of its deviation from 

the true value has increased in sample size lOu. When the 

parameters of the last equation of the mcdei is estimated by the 

2St_a method, we find that one estimate has deviated further away 

from Its true value- In general howe v er^ it appears that as 

the degree of over-identification increases, the tendency of 

the estimates to converge to their respective true values also 

increases. While the bias of 6'26%; 2SLS and i3*57%; GIL5 

estimates have decreased with increase in sample size, that of 

3->l3/.,> 25i_5 and i-4%> i3Ii_5 estimates have increased witn increase 

in sample size. 9KZ9/.) 2=!_5 and <̂  • Za/. • tILS estimates in sample 

size 100 have bias greater than in sample size 6'j but smallef-

thar in sample size 20, and 5'.2i'.J 25i_i and 3'13'',J GIL3 estimates 

in sample size lOu are more biased than in sample size 2*.' but 

less biased than in sample size 60, The variances of j.5"65>.' 2SL5 

and i7(74/.j 6IL5 estimates has decreased with increase in sample 

3ize. Tne remaining 25L5 and '3It.5 estimates have slightly higher 

variances in the largest sample as compared co sample size 60 but 

are less than in sample size 20. The t values of 2SLS and GIL5 

estimates are significant. 
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TABLE II 
Number of S_ample5:_ 20 

2SLS 

Degree ot 
over-idpn 
titicat. 

0 
I 
-̂  

5 

+ .001 

to 

1-01 

1 

+ .01 
to 

±•1 

1 

1 

+ .1 

to 
+ 1 

2 

jj 

+ 1 

to 

+z. 

"**/ 

~v 

+ 3 

to 

t'5 

"J 

4 
1 
1 

to 
+9 

1 
1 
J 

+ v 

to 

t̂ -

115 
to 
+25 

±-5 
to 
+ 30 

+ 60 

to 
+70 

+70 
to 
+ 3U 

+80 
to 
+90 

Total 
freq­
uency 

6 
"7 

«' 

-' 

ijlLi 

E'egree of 
over-iden 
tit!cat. 

0 
1 
— 

t.O'Jj. 

to 
t-'jl 

+ .01 

to 
+ . 1 

t" -i-
to 

+ t 

4 
i 

+ 1 

to 
4-~, 

1 
1 
-> 

1-.. 

to 
+ s 

1 
4 
^ 

+ 6 

to 
-̂  Z 

jj. 

J 
1 

+ T 

to 
+ 12 

+ 1 

to 
+2' 

+JD +00 +.'0 +do loi:^! 

to to tc to freq-
+ 30 +'0 +6'.' +90 uency 

25LS 

hi-.imber o^ Samples :_iO 

Degree o* 
over-iden 
tificst. 

+.001 +.01 
to to 

+.01 +.i 

t- i 
to 

+ 1 

+ 1 

to 
t., 

*•-. 

t_. 
+fi 

"*"0 

to 
-t -

1-v 

to 
+ 1J 

J. 1 =^ 

to 
r"--' 

+J" 

to 
+ 30 

+ 0J 

to 
+'') 

+~0 
to 
+ 8 J 

+bij 

to 
+ 70 

Tot=<i 

•req-

uency 

3̂  



GIL5 

degree of +.00i +.0i +.1 +1 +.' +6 t'' +1-' t--' t^O +"0 +8^ T'otsii 
'3ve''-iden to to to to to to to to to to to to freq-
tiTicst. *,'Ji +.3 +1 t-' '*"^ t'" "̂ -̂ T-̂ ~ t''-' I'''-' t^O t'*'̂' uency 

1 

J S L E 

Number Z'-*- 5?mpl?? 

Degree o t T--'-"-'-i t-'-^'l t--^ •*••! "•-' " ^ ""' T^-' * - - •*<^ '̂ "" -' *'^^' 'otE<l 
j V e r - i j a r f r t Q f , 3 + ;3 t o tz t c t ^ t O t I '^ 0 t Z' - r o Q -

t i * i c 9 t . •••>'Ji • .̂ i •*" L •*" Z •*• 5 •'•'̂  " f i J •'•I.f +7'.' * / ij +KI1 -̂ ~_ . .err> 

4 i 

1 

Degree of 
uver-iden 
T i -f 1 c a 11 

to to 
-_. i -̂i t~ *- -'̂  *•!•-
to tD t3 to to tC 

'•I * 6 *•' +1.. •!•_! 

f 3 tc to 

+ -3M 

to 
— ^11 

I O t -

•eq-

'enc 

* 1 
1 1 
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Tadle II snows that some o-F the 2SLS estimates o-F the e^;actlv 

identi-^ied equation ha^e deviated -î urther -From its true value 

witn increase in sample size. These deviations have Deen -Further 

accentuared when estimated bv rhe 3IL5 method. "'-e.-e nas not 

been any imDrovemenr in the ZEL5 estma-^es or sauation 2 wi'in 

mc-'eaee in sample sizs. Tne magnitude c-^ deviation o-F one GILS 

ss-^ima-ce o+- the equation in the largest sample size ncwever has 

Decome smaller. Increase m tne size o-F zhe sample nas not 

Drought about 5-iv improvement i-i t*̂ e 25LS and BILE es-.i-".=>ts= or 

eauarion 3. The -Frequencv distriDution D-̂  the estimates o-̂  t'~e 

last equatior^ sr^cws t̂ ât both t^e estimating mez.hcds gi'-e .T.ofS 

or less same results. Except -For one estimate o-F equation 3. 

tne tenoenc ' o-F zhe estimates is to come zlose*-" zo t'̂ eir f-"ue 

•-'alues 5= tne aegree o-̂  over —1 cerir i+^icat ion inc-'sases. "̂ f-e 

oias c-̂  =',Zz:\ • ISLE a~z z ZZ'l • EI*̂ E eHZi-T^ates zsz-sase with 

increa=e m =amcie size ana that 0-1- l"I''-̂ 3!./ Z5i_E ana iT'z"'. 5I_E 

estimates increase witn mc-'ease m =ample =ize, G-̂  tne 

f-emainirsg estimates, 5 • ZZ\ • Z3LE ana i'4"i) GILS estimateE have 

bias gr-̂ azef" m samole size l-I"I' tnan in sample =ize Q̂ I' but 

•^'1^'. EILE eezimatss i-. sample =ize '-•':. are zrssta thsr _n 

sampiS size Z'l' ouz smalle*-" znan in sample size Z'O. ~!^s -.̂ '"larce 

OT^ 1'^ •~-i'''.j ISi-E 3~--3 ir-z"''. • GIi_E estimates •'â e ::2ec-sased with 

inc'-ea=e m sample size- ~ne -emaini^c estimates have siiontl% 

highe'" - S'" i=!~.-s n sample size -•'.•''. thar in sample size --I'. 5cth 

ZELE 5-c ^ILE estimates hs^s siqri-^iza-z t -slues. 
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lA&Lt : I I I 

2i>L: 

Number o-<̂  Sampies : 20 

f'egree o-f 
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" . i t i c i t t . 

0 
: 

"*• a 'J 'u' 1 

t c 
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• !. 
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"^ X 

t o 
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>! 

->-fi 

tQ 
-̂  -̂  

1 
4. 

•4- -r 

t o 

* i — 
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T i t J -
- re .^ -

1 p i - - I - _ -^ 

£ 
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- b L ; 
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L'egree at 
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, ' JU i - t ; . u l 

10 t 0 

•J i - . i 
to to tc tc 

+- Tot : - ! 
to * r e q -
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uabie III cont'o 
bluS 

fegree ot 
over-iden 

+ .00] +.l'l ". i *1 +3 *t, +^ Totr-l 
to tc tL' to lo to to ri'eq-

-f.Oi -.1 "j _+" +0 +^ +i2 uency 

Nufflbei- z-f ' ^^mples : i\<K^ 

yegrpc i n-̂  

nver-ider 
1 1 ' 1C S t . 

+ « U'. 'l 

t r 
1- \) ' 

••- _ i 

to 
^ . J 

f _ +_ f f "̂ •̂  D t d ^ 

•̂ ^ t c (.c t o t o •freq"" 
i-G "^ +1_ uencv 

' j i L i 

o v e r - i d e n 
1111 c a I . 

to 
+ . 'J i 

^ . : ~- +.. *e * ' Tot 5-1 
t o t o t o t o t c -freq-

^ i -f l . t-f. +- ^^^ uency 
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An analysis o-F table ill shows that while two 25LS estimates o-f 

the exactlv identified equation have deviated -Further from their 

true values in sample size oO, one of these estimates has 

improved in sample size 100. The equation when estimated by the 

GILS methoa shows that some of the estimates have worsened in the 

larger sized samples when compared to those in sample size 20. 

There has not been any improvement in the 2SL3 estimates or 

equation 2. One GIL5 estimate of th« same equation has worsened 

in sample size &0 but has recorded an improvement in sample size 

100. The frequency distribution of the deviation of 2SLS 

estimates of equation 3 and 4 are same in sample sizes 20 and 

100. While one 2SL5 estimate of equation 3 has improved in 

sample size 60, one 25LS estimate of equation 4 has become equal 

to its true value. Again, we find that wniie one 5 I L 5 estimate 

has worsened m sample size 60^ two GILS estimates have 

worsened in sample size 100 when compared to those in sample size 

20. As the degree of Qver-identification increases, both 2SL5 

and GILS estimates come closer to their true values. The bias of 

£5̂ 26/./ 25L5 and 5(22/.i GILS estimates have decreased with 

increase in sample size and that of 10*43%.' 2SL5 and 13(57"':> GILS 

estimates have increased with increase in sample size. 5̂ 22'''.) 

25i_S and 1(4/1-' GILS estimates have bias greater in sample size 

iOO than m sample size sO^ but smaller than in sample size 20. 

2\9'/.) 2 3 L 5 and 4ii7/'..' GILS estimates in sample size 100 have bias 

greater than in sample size 2'.», but smaller than in sample size 

oO. The variances of 20187/.) 2SL5 and 18(78%,' GILS estimates 

have decreased with increase in sample size. The remaining 

estimates have slightly higher variances in sample size 100 When 

compared to sample size ^0. The t values of both ^SLS and GILS 

estimates ars significant. 
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'rtBLt : i -

:SL5 

Nufnber of Samples 

i)egree o-f *.'-'0l t-'-'- t-J- *- *^ t^ *^ tJ-- *-''-' fotitl 
over- iden to to to to to to to to to -freq-

O i L D 

Degree of +.VOJ. f-'.'l *.: 

over-iden to to tc 
rific5+. *..'i *.l *. 

+ 
•* • ^ ' 

t o 
*6 

*5 
to 
• •V 

+ -

t o 
- » - 1 

+ 1 ^ 

^ 0 

- l " . 

- t -" , Ti 

* 0 

* : : 
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f r p q -
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yeg^-po Qf .t"'^'-'l *•'-'! *••!• :r- T-' •̂ •'̂  " ? t i 
o v e r - i d e n t o t o t o t o t o t o t o t o 
t i f i c a i , ' , 0 1 *. 1 i-i -T. t-^ *'- i-. " -•i 

-t- _,r) 

+ -

r-''-' 

T c t i l 
^r?^ 
' lency 

-UL: 

Degree oi-
ovei'-iden 
t i T i c a t . 

0 
1 

7 
D 

1 . vOl 
t o 

t - O i 

•' . y i 

t o 
J:- i 

i 

- * • . J 

t o 
+ i 

-

1 

+1 
tD 

*r. 
-

1 
T 

•f"",. 

t o 
+ H 

4 
1 
i 

*a 
to 
+ ^ 

1 

1 
1 

+ -̂  

t o 
* i2 

-t-i^ 

t o 
+15 

*.' 0 
t o 
•» 7 5 

TDtr.1 
t r e q -
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5 
~ 
5 

-
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Tstile IKi c o n f 3 > 

JbL3 

Number q-f Samples : lOu 

Degree o-̂  
o v e r - i d e n 
t i - f i c a t . 

'J 0 1 

to 
Oi 

^.•Jl 
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t . I tl -̂ 5 f̂  •̂ '̂  * . ! - t^'^ T o t a l 
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t O 10 10 10 t o t D t C 
+ {_ -"l, -^ ^, ^'-r - e l - " i f •*•" 

vj T o t a l 
/ r e q -
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Table iV reveals that while one 2SL5 estimate of exactly 

identi-ried equation has improved with increase in sample size, 

one G I L S estimate has worsened. One I5LS estimate and one GILS 

estimate o-F equation I has improved with increase in sample size. 

While one 6ILS estimate D-F equation 3 has deviated further from 

its true value m sample size t>0, it has improved in sample size 

100. One 2 S L S estimate of the same equation on the other hand, 

has come closer to its true value with increase in sample 

size. The deviation of the Z5l_S estimates of equation 4 lie in the 

same frequency classes in samples sizes 2-j and 100. One 6JL3 

estimate o-f equation 5 in sample size cO, however, has become 

equal to its true value, A scrutiny of the three sample sizes 

show that both 25L3 and 6IL5 estimates have a tendency to 

converge to thei>-" respect i ••-'e true values with increase in degree 

o-C ovef-ident if icat ion. The bias of Jl(47"; lELS and iO'4Z\i 

•3ILS estimates decrease with increase in sample size and that of 

S' 35'.' Z S L S and 8^35/.) GILS estimates increase with increase in 

sample size. 2\^'/.) 2SL5 and 4'lS'/..> GIuS estimates in sample size 

100 have smaller bias than in sample size 20 and qrsater bias 

than in sample size aO. 2''^'/,) 25L5 and l > 4/. > GILS estimates in 

sample size 100 have bias greater than in sample size 20 but 

smaller than in size &0. While the t values c-f both 2SLS and 

GILS estimates Brs significant, the variance of i5'.e5;.; 2SL3 snd 

lS<7S".J GILS estimates decrease with inc-ease in sample size. 

3',35/.; 2 S L 5 and 5C22'/C) GILS estimates in sample size iOO have 

slightly higher variance than in sample size 60 but smaller 

variance than in sa.nple size 20. 
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we ihaii now analyse inodels consisting o+ five equations and ten 
exogenous variaoies, the last o-f which is the constant. 

('ABLE : u 

;SLS 

Number of Samples 

Degree Q-̂  
Dve^-iden 
t i T i c a t. 

to to to t •: 
*: *6 *^ Total 
+ 1-1 + r. + n -»- K- a n — 

*6 -^ +iJ uency 

10 

LnLt 

;_ipgri95 Q-f 

o v e r - i d e n 
t i t i c a t . 

* . \}^} -

t o 
•*•, .'1 

- . J i 
to 

* , 1 

-T, 1 

to 
* 1 

• • - 1 

t o 
- _ 

^ _ 
+ •\ 

•^i 

+ f 

t o 
^ 

•+- -» 

t o 
-r 1 ^ 

T o t r i 
-r:-: ,-
ue'- :y 

;iL; 

Mumber •j-f Samples : £'.' 

Degree Q-f 

t i f i c a t. 

O'll -.'.'t +.1 -1 -? 
t c to to t: t: 

•' T:tal 
0 freq-
ij jency 
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•<Tsble y conf-d) 

GILS 

Degree of 1-001 +.01 +.1 +1 _+S +6 +9 Total 
over-iden to to to to to to to -freq-
titicat. +.01 +.1 +1 +3' +6 +v +12 uency 

0 
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1 

10 
9 

;5L_5 

Number or Scimpies : lOu 
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o^-'er-iden 
t i t i c s t . 

+ .0U1 + . ' J l 
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+ . 0 i + . 1 

+ .J. +1 +J. +6 +^ T o t a l 
to to to to to t r eq -

+ i +Z *6 •> + i 2 i jency 

4 
•5 

LilLb 

r>egree of ±.001 i-Ol +.1 +l _+-• t^ l'^' Total 
over-iden to to to to to to tc freq-
tificat. +.01 +.1 +1 +3 +6 +9 +12 uency 

1 

^9 



Tne -First model of ttiis size represented bv Table V reveals that 

there has not been any improvement m the 25L3 estimates o-F the 

exact!/ identi-Fied equation with increase m sample sire. Though 

the GILS estimates o-f the equation are the same as the ZSt_5 

esTiimates in sample size 20 and 60j one estimate has improved in 

the largest sample size- although the magnitude o-f deviation o-F 

one estimate o-f equation Z derived separately bv the 2SL5 and 

GILS metnods has iessended in sample size oO, it nas registered 

a rise in sample size 100. Z5i_S method has given better 

estimates for equations 3 and ^ then the GILS method. We also 

-̂ ind that one 23i_5 estimate o-f the largest degree over-identified 

equation has worsened in sample size 60 when compared to that in 

size 20, but its deviation has been zonsiderabiy reduced in the 

largest sample- A GILS estimate of the equation, on the other 

hand, has shown impf ovsTie'̂ t with increase i r> sample size. The 

model is not /e^ ̂' conclusi/e as •"egaros the effect c-f degree of 

o-yer-i dent if icat ion on the pa^^ameter estimates of -fche equations 

of the model. while the bias of 1 i < 32"'. • 2 5 L 5 and i2'35/.; GILS 

estimates have decreased with increase in sample size, that of 

i5s'i4'.-' 25i_S and ii>32%) GILS estimates have increased with 

increase in sample size. Gf the remai^^ing estimates, the bias c-f 

Z'^''.' 25i_5 ana 4'.12V.; G I L 3 es'^imares m sample size lOO are 

smaller than in sample size 20 but greate'- than in sample size 

60, and that of 5\i5"':; 2SL5 and ~f21".) GIi_S estimates are qreater 

than in sample size 20 but. smaller than in sample size ou. The 

variances of ZJ-T^'-.j 25L3 estimates and ZZ^ba/.^ GILS estimates 

have decreased with increase in sample size and that of '̂2o''., 

GILS estimates have inc-easea witn increase in samoie size. The 

remaining 2SLS and GILS estimates ha ,'e slightly nighe^- variances 

in sample size luu than in size 6o. The t values c-f both 25LS 

and GILS estimates ars sianificant-
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TABLt. : yl 
Number o+ Sampjss: 20 
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0 •* ." : i'." 

5 1 1 . 2 f 

b i L 5 

Degree o-f +,Ovi -^.vl ^.i •*• l -^. *6 *-' •'ota^l 
o v e r - i Jen '^o +o t ; t ^ t o fz XJ -f-fs<^-

• 1̂ -1. J 

•f. 1 i 2 i 

Numbe'" of Ssfnples : 60 
2SL5 

i.'egree o-̂  -*-.'.'0J. *. ' . 'L •̂ , i -̂  i -̂ I i-6 ••- Tot?! 
3'>-'9r-iden to to tc to to to to -freq-
t i - ' i c i ' t . t ' ' - ' l ^-1 l l *-' t-' *" •^i- 'jency 

51 



'. la&ie 'vi cont a ' 
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Table Vi reveals that though the deviations a-f both 2SL3 andGILS 

estimates of equation 1 lie in the same -Prequency classes, an 

increase in sample sire has, however, worsened one estimate. The 

G I L S estimates of equation 2 in sample size 20 ars better than 

the 2SLS estimates. Though two parameter estimates 

computed separately bv 2SL5 and GIi_S methoo, one each of 

equations 2 and 3 have worsened in sample size 60, their 

des'iation from the true value have lessened in sample size 100. 

The magnitude of deviations of the 25L5 estimates of equation 4 

are smaller than the GILS estimates for all sample sizes. While 

one 25LS estimate of equation 5 in =ampie si_-e 60 has become 

equal to its tf^ue value, it has recorded a slight deviation in 

sample size iO'J. Two GILS estimates o* the seme equation on the 

other hand, have improved with increase in nample size. Higher 

degree of over - identification seem to have favourable effect on 

both 2SL5 and GILS estimates. The bias of 10(2='/.) 23L5 estimates 

and ^'26>'/,> G I L S estimates have decreased with increase in sample 

size, and that of 2'5X-> 25LS and "̂ -̂ l .• GILS estimares have 

increasea wirh increase in sample size. 11-32''./ 2S!_5 and i 1 < 32/. • 

G I L S estimates in sample size iOu have grea-cef bias than in 

sample size £u but smaller bias than in size 20, and that o-f 

another 11 • 32''.' 2SLS estimates and ^•2l%/ G I L 5 estimares in tne 

sample size 100 ars greater than in sample size 20 but smaller 

than in size 6-jj While the r -values of both 2St_5 and GILS 

estimates are significant, the variances of 33',=̂ ~%» 25LS and 

25' J-i/.' GILS estimates have decreased with increase in sample 

size. The remaining estimates of both the methods have qreatsr 

variances in sample size 100 than in sample size fc<.» but smaller 

variances than in sample size 20. 
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LABLE VI11 

25LS 

Nujnber o t Saropies : 20 

Degree of *.001 z-'^'^ t* i t - t^ •*•* *^ rot^"! 
over- iden to to to to to to to -fre<j-
t i f i c c i t . I 'O i +.1 +i +3 +6 +•* fi2 uency 

'-* 1 ^ 2 5 10 

UUL3 

Degree of t"'-"-''! ?-.C'l +. x +j z"- '^^ t** Tctni 
over-iden to to +o to to t c +o f req-
t i t i c r t t . t-'-'J- ?" - t^ *-• +^ r'̂  * i - -lency 

i 1 4 2 1 -
:- '̂  -• 7 
:: 1 2 2 5 
7 1 1 1 3 

;3L5 

Mumber of 5d(nples : 60 

iiegree of l .oOl t'^''^ t - 1 l i l ' •̂ •̂  ••̂  Total 
over- iden to to to to to to to f feq-
t i f i c a t , t>'-'i +.1 +1 T7 +6 -f̂  f i 2 uericy 

2 f 9 
* 2 2 9 
4 3 7 
i 
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(Table yill cont'd) 

GILS 

Degree of +.001 i.Ol +.1 +1 ±Z +6 z'^ Total 
over-iden to to to tc to to to -freci-
titicat. +.01 +.1 +1 *T. +6 +9 +12 uencv 

0 I 2 Z 5 10 
1 i i Z 2 1 = 

Nj-iRyJT 9f Sampleg : 1_^^ 

Degree o+ 2-'^'^^ + . 0 i Z'- l l 1^ ±c l'^ T o t a l 
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over-iden 
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-»•? 
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+ 12 
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f-rea-
uencv 
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Table VIII shows that there has been no improvement ,in either 

25LS or 6ILii estimates of the exactly identified equation with 

increase in sample size except for one parameter estimate in 

sample size 60, the 2SLS estimate of which has .become equal ro 

its- true value and its GILS estimate has recorded a negligible 

deviation. Though the magnitude cf deviations of two 25L5 

estimates, one eacn of equations 2 ano 4 has increased in sample 

size 60, their magnitude have decreased in sample size 100. The 

SIL5 estimates a-F equation 2 has however, improved in sample size 

oO bet worsened in sample size 100. Thers has been no 

improvement in 25L5 estimates of equation 3 and 6IL5 estimates of 

equations 3 ano H with increase in sample size. The 2BLS 

estimates of equation 5 3ire better than the 6ILS estimates as the 

magnitude of deviations of the former is smallef-. As the degree 

of over-identification increases, the magnitude of deviation o-f 

both 25L& and GILS estimates from their true values decreases. 

While the bias o-̂  e •.!&/.) 2 5 L 5 and 7'.27'/.' 5IL5 estimates decrease 

with increase in sample size^ that of 7(21'/.) 25LS estimates and 

^iU'i.i GILS estimates increase with increase in sample size. 

Sample size 100 has bias of 11̂ 32"/.,' 25LS and 10'29/.^ 6iLS 

estimates smaller than in sample size 20 but greater than in 

sample size oO, and that of 10^29/.; 2SLS estimates and 6^17/.; 

GILS estimates greater than in sample size 20 but smaller than in 

sample size 60. Both 2&LS and GILS estimates have significant t 

values. The variances of 29(85/.) 25LS estimates and 28\.B2X.' GILS 

estimates decrease witn increase in sample size. Sample size I'X' 

has 5'.5i/.; 23!_S and 6ii8/.^ GIuS estimates with variances greater 

than in sample size 6'j but smaller than in sample size 2o. 
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We shall now discuss models consistino ot six equations and nine 
exogenous variables, the last variable Demg the constant 

TABLE : IX 

Numoer qt Samf-ies : 20 
2SL5 

Degree ot T-'̂ '̂*l ."̂•'-'•'• 1-^ "̂•'- *-• T^ "̂  Totsi 
over-iden to to to to to to to +req-
titicat. +.'vU +.1 ti -f"' +6 •- -̂ ll usncy 

'3IL5 

I'egree of +.OUi +-.0i -•-. i +i ±Z +c. +> Total 
nvef-iden to to to to to to to freq-
tiTicat. l-Oi +.-• +J. *. +6 +^ +ij uency 

0 2 T :. S 
1 1 2 '̂  1 6 

iaLb 
Number or i a m p i e s : ov 

heqree o-f f'̂ '̂ -'- T-'̂ 'J- :!:--5 T-^ T-' '^6 *9 T o t a l 
o v e r - i d e n t o to t o t o t o t o t o -freg-
t i r i c a t . l - ' J i -»-. 1 t i +'• +6 +^ + i 2 uency 

0 1 2 1 2 ^ 
1 i 2 3 2 6 
2 2 2 2 1 " 
3 3 2 1 6 
4 3 2 5 
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GILS 

Degree ot *.0'ji +.0l ; ^ . j . *i •»-l +6 *^ ' C + B I 
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i-eg'-'ee o-*- *.'j'ji *.i'i +« 1 *1 •^~ *t •+••' fotiii 
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' j i L - t 

I'egree o* * .Ou i +. J i * . J . +_ *•"• -^6 +- 1ot?J. 
ove»"-iden to to to +0 to to t o * r e q -
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Table IX shows that there has been neither anv improvemenr in the 

2SL3 estimates nor in the GILS estimates of equations 3,4 and 5 

with increase in sample sire. The frequency distribution of the 

deviation of estimates from their true values continues to be in 

the same classes -fo'- all sample sizes. while there has been no 

improvement in the Z5L5 estimates of the eiiactly identified 

equation with increase in <vample size, the deviation of irhe GIL& 

estimates ars in the same classes as the 25LS estimates except 

for one estimate of the smallest sample which has become equal to 

its true value. The de/i^tion of 61LE estimates of equation Z 

have remained in the same classes for all sample sizes, one 25L5 

estimate of tne equation has worsened in the largest sample. 

While one GILS estimate o-F equation 5 has worsened m the largest 

sample, one ZSL.5 estimate has -̂ecô •ded a slight deriation in 

sample size 60 but has become equal to ins true ,aiue in sample 

size 100. Hn increase in the degree of over-identification seems 

to cause lesser deviation in the estimates derived bv the two 

methods. While the bias of l'̂ '44/.' 15u5 and iOiZ&/./ GILS 

estimates have dec^-eased with increase in sample size^ that of 

i3i33>.> 25L5 and 15C33'0 GILG estimates have increased with 

increase in sample size. The bi?= of 3'.6/.' 25L5 and 6(15/./ GiL& 

estimates in sample size !'">'.» sre greater than in sample size 6C/ 

but smaller than in size 20, and that D-<̂  6'. l5/.; 2SLS and BiZLY.) 

GILS estimates are greater than in sample size 2'j but smaller 

than in size t>0. Both 25L£ and GILS estimates have signi-'^icent t 

values. 1 he variances of 3T (vo'/."' ZSLS and 3~ (-5/.) GILS estimates 

have decreased with increase in sample size. 2i.5'/.i 2SLS and 

l'>1.5/.,' GiLS estimate in sample size lOO have greater variance 

than in sample size 60 but smaller variance than in sample size 

2v. The variance of 1̂ 2.3'/.' GILS estimate ha^e increased with 

increase in sample size. 
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T A B L E 

.'SLb 
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i^egree o t 
o v e r - 1 d e n 
T 2 -f i C s t . 
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o v e r - i d e n t o t o t o *o *o t o t c - f r e q -

'.DLt' 

PfUfflDB'" 0- jr i l l lDieS : i>V 

I 'egree o-* 
o v e r - i d e r ' 
1 2 t i C =< t . 

~. O'.'i 
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• ^ . I ' J 

t o 
->•. J 

''O t o t o t o +0 T r e q -
-1 I-"', •<-1, -fv - x 2 ' jencv 
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(Table X cont'd) 

GILS 

I'egree of *..001 l.Ol f ^ t^ .?-• lA t^ Tctsl 
uver-iden to to to to to to to freq-
ti-fic&t. +.01 +.1 ti ±-' t^ 1^' t^^ uency 

0 
1 

25LS 

Number of Sanipier : IC'O 

Degree o-f 
over-iden 
ti-ficat. 

+ .001 ±.0l +.1 t-̂  +•-' 1^ Zi Total 
to to to to to to to treq-

+.01 +.1 +1 +3 +6 +¥ +i2 uency 

s 

GIL: 

Degree o-f +.001 i -Ol +.1 •^l f? +* +.'' "fotal 
over- iden to to to to to to to t r e q -
t i t i c a t . +.01 +.1 +1 .T--' +6 .'̂ '̂  +•'•2 uency 

1 6 
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An a n a l y s i s o-F t a D l s .>̂  src-ws t h a t one 2SL3 e s t i m a t e and one 

EIl_5 e s t i m a t e c-f t h e e , ; a c t l v i d e n t i - ^ i e a e q u a t i o n has beccme e q u a l 

t c i t E t f u e v a l u e m t r e l a r g e s t sair .ole . Gnly one e s t i m a t e v'wnen 

computed Dy o o t l 2=;_S ana bILS method = e p a r a t e l % ; o-*̂  £Gw.atiQn Z 

has improved i n sample s i r e lOO. A h i l e one 2 S L S e s t i f r . a ta of 

epuaT-ian 3 has bezoiTe e q u a l t o i t s t r u e r a i u e m saiTC-s s i z e cO, 

i z has r e c c r ' c e c a d e v i a z i o n i~ sa-'ople = i z e I'.-U. j:^i_b est i .Tjazes 

cf equatiD.-. 3 a -p A nave , r . p - s v s r , wc r senez i n sa.T.pie s i z e s cI 

anc 1 . ̂ .̂ ^n e p u a P i z n z< ŝ -e -^ird, w h i l e ons 

i^*P^G/e3 w 11p i n c r e a s e i*̂  ^B^'Z.-^ s i z e , z n s *ĵ i_::> ea t i r r ja te nas 

i.Tiprpved in =a>Tiple s i z e wO D>jit v-jorsened i n saf^ple s i z e 100, The 

^£i_E e s t i u i a z e s z-̂  epueriD!", z i " Tihe la^'cef safrspies " ave worsenec 

-•v"e^ ZD~pa'"sd tZ' t '^e =' ' ia_le=t aai^piS. "^nci_Qr. o r e JTIL^ esti!~iaze 

c^ t n e ez ' - .a t ion nas oezz'^e sq-a^. t z i t s f'—s ^ a l u e i n saT.ple s i z e 

= Br<piB^ Tne "fopel i s nzz very CDnc lue ive a s r e q a r d s t h e s-j-rezt 

\ZT^ pep--ee c— o v e r - i i e n z i - . z a t i z n on t n e s s t i i - E a t e s . 10 (Zi:!! 2Ei_£ 

and e — 1/. w-._w Si!._ 1/ra'.es nave dias decreasirz witn 

SiSiiii^^e = i z e ; w'. ^--. • ^ = ̂ 3 antj is ^w'.- b l_ : : es t i iTiatea ha^-e biai 

i^z'"5a = ing w i t r inzi" = ̂ =:— x =5,'Tip^e = i z s ; i - —-'/.' ^ t ^ c crnd l_ _!". 

^ ' -^- e s t m a t s a in B = n z l e = i z e l-'.O t'lB'^/e qt-'eate*-' P i a s t r a n in 

s a n p i s s i z e w. z_.t STia. ,a,- q i a s t n a r m sample s ? ^ ZJ ; a~z 

1— - z ' . . ZE^E Ê nd 17,-^Z'-. -Z 5 e s z m a z e s Ha^e b i a s Sipalle-" i r 

siTszle s i z e - ZI' tna"" i~ EZ.TIPIS s i z e ts'I' z_t g r e a t s " t n a n i r s = .T,Z'le 

- - — -^ - ,—'•^*- - — p: , = " ' ' - ' - = 2 = —-f: — ^ - = ' ~ c: c - , - > „ - '^ ^ ~ ' i - - r 

a = z i ""a te5 n a , e z e z - ' e a s e c w i t n i nz "ease i~ sainple s i z e . Tne 

i l l v-̂ inen ccfr.za-'ed t o sa r rp le s i z e o! 
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'ABLE : U 
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. 1 
t c 
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t y 
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t o 
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over-iden 
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t o t c 
1 

1 -1 *" +:; *' "Otsl 
: tc to to to -freq-
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N_ufflt'ê - :<* Siifripiei s b'. 
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M sDie f-i cont a -
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ta-f icsU 

• r ^ ' " ' 

I D 
•4- ( 1 1 
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Table XI reveals thar there has been neither any improvement in 

the 23L5 estimates nor in the GILS estimates or equation 3,4 and 

5 with increase in sample size. The -Frequency distribution of 

the deviations of both Z5L3 end GILS estimates of the e';actlv 

identified equation is the same in sample sizes iO and iVJ. One 

ZSL5 estimate and one GiL5 estimate of the equation has however, 

become equal to its true value in sample sire 6u. While one 2SL& 

estimate has deviated fL-rtner from its true value in tne larger 

samples, one GlLb estimate of the same equation has improved in 

sample size 60 but the size of its de^-'iation has increased in 

sample size 100. One ZSLS estimate of equation 6 has become 

equal to Its true velue and there has been a reduction in the 

size of deviation of anothe? estimate of the same equation in the 

la^-gest sample size. T^s- parameters of the same equation when 

estimated by tne GILS •T>ethod_, h?s made two estimates, one each in 

sample sizes 6'.' anc ]T^ equal tc their fespective t^'ue/alues, and 

has worsened one est i mete jn sample size 100 Wher-' compared to 

that in sample size 60. Higher the degree ot-

ovef-ident if ic = t ion, bettet* the 15L5 and GILS estimates. The 

bias of i4(36VJ 2SL5 ana '5(23'/̂ ^ GILS estimates ha'^e dec-eesed 

with inc^-ease in sample size and that of 7(18'/J I'ELS and lO(26V.) 

5iL6 estimates have increased with increase In sample size. 

9<2.Z'/.i I5L5 and llC-̂ 'E'/.' GILG estimates in sample size IfHJ) have 

g''eater bias than in sample size 6o but smaller bias then ir 

sample size 2'ĵ  snd '̂ iII.V. > ISLS and ^ C21./. • GILS estimates :n 

sample size lOO ha>'e bies smalle-- then in sample size 60 but 

•ireatef- than in sample size 20, E cept -f̂or 5(13y."i ZSLS snd 

^Cioy.) G I L S estimates, w M c h have slichtly higher variances in 

sample size 100 than in sample size 60, the ve^'iances of the 

remaining estimates ha-e decreased with increase in sample size. 

The r values of both IGLo and GILS estimates ere significant. 
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TABLE : XII 

2SL5 

6IL5 

:bLb 

Number ot Samples : 2̂ 0 

Degree ot +.001 +.0l +.1 +l +".' +& +9 Total 
over-iden to to to to to to to •f-'eq-
tiricat. :r-'"*l ."*•• ̂  t^ "••-• "̂^ t * * i - u e n c v 

0 3 2 3 a 
i 4 1 3 8 
1 4 2 1 ' 

Degree ot +.001 +.0i +. i +i ;̂ 3 +s +? ~otaj 
over-iden to to to to to to to treq-
titicat. t-'w'l 1-•!• tl t-' t* :r̂  t-i- uency 

0 3 2 3 8 
1 4 1 3 8 

Z! 

Number ot Samples : 60 

Degree o+ t-O*-'! +.01 +.1 +1 +.-. +6 +> fotal 
over-iden to to to to to to to +req-
titicat. +.Jl •*"-l ll +3 +6 :;;9 +i2 uency 

0 3 2 3 S 
1 4 1 . s . 
2 5 J. 1 " 
S 2 1 2 6 
4 1 2 2 5 
5 i 1 1 1 4 
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ModelE consisting o-f se^en equations and eight exogenocis 
vari&Dies, the last variable being the constant will now be 

discussea. 

mBLE XIII 

JbLb 

Mumter ot Samoies: 2o 

Degree o-f *.ufi 
over-iden to 
1 i •*" 1 c a t . "I-.' J 1 

-..^ •*.- *i *. *c -- -̂ 30 *55 -̂ iiu -^^DJ •2-J.200 Total 
to to to to to to to tc to to tc •req-

yegree o* 
ove'--iden 
ti-ica^. 

+ . 0 0 J 

to 

+ ,0J. 

. Oi •*". i •*" i * • +6 •*"•' •'".'V' * J D 

;c tc to to +0 •'o to '*o 
i ' •*• 1 •'" •*"6 + ^ - ^ - D "*DU +'i_i 

to to to Treq-

1 1 

^DL^) 

NumDer o- ^rmoies : &o 

i'egree o-* -i-.ooi f.oi +. i -t-i +".. *6 •--' *3'w' -55 ^iio +250 *i2oo Totai 
over-iden to to to to to +o to tc to tc to to fi'eq-
ti+icat. !"»-'- ^»- *- T~ "̂ ^ *" t-- *^''^' 1^'' *J.3o f6uo +6oO'. uenC) 

^1 
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MciDie A I I I c o m a ' 

• 5 I L 6 

i^egree o r * . 0 0 J . * . 0 i * , i ;^i +3 +6 y^ ^30 +55 +11'..' +250 + i 2 0 0 T o t a l 
ove^"-icleri t o t o t o t o t o t o t o t o t o t o t o t o rre^-
t i t i c e t . + . 0 i +.3 +1 +3 +6 ••- t - 5 l ^O +*0 +j.8u +6u' j +6O0O uency 

>:• 2 1 2 3 6 
i i 1 3 1 
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The first model of this size reoresented by Table Alii shows that 

the magnituae o-F deviations of some 25L5 as well as some GILS 

estimates from their respective true values is verv large. They 

lie in two, three and four digit classes. Toe frequency 

distribution of the deviations of 2SL5 estimates from thfeir true 

values of the iast three equations has remained the same for all 

sample sizes. While the frequency' distribution of the deviation 

of 6iLS estimates of equation 5 and '7 has remained the same, one 

estimate of equation h has deviated further awav from its true 

value in sample sizes 60 and iOO. We also find that two 25L5 and 

two 6iL5 estimates, one each of equations 1 ana 4, have worsened 

with increase in sample size. while two 25LS estimates of 

equation 3 have improveo in sample size 100, three GILS estimates 

of the equation have worsened in the largest sample. Both 2SL5 

and olLB estimates have a tendency to converge to their 

resDective true values with increase in the degree of 

over-identification. 12(347.) 2SLS and 5(9!^) GILS estimates have 

bias decreasing with increase in sample size; 20(57%) 2SLS and 

22(63%) GILS estimates have bias i.ncreasing with increase in 

sample size; 5C97.) 2SLS and 4Cli/.'> GILS estimates have bias 

greater in sample size 100 than in sample size 60 but smaller 

than in sample size 20: and 6^17/.^ GILS estimates In sample size 

100 have greater bias than in sample size 20 but smaller bias 

than in sample size 60. Both 2SLS and GILS estimates have 

significant t values. The variances o-f- the estimates Ars in 

general very high (of three or four digits) and that of oni/ 

15(43.'-:) 2SL5 and 9 (.267.) G1L5 estimates have decreased with 

increase in sample size. 
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Table XIV reveals that while some of tne 2S:_5 estimates of tne 

exactly identi-ied equations nave imDrovec witn incease ir 

sample size, some of the GILS estimates o-F the same equation 

nsivs worseneo with mc^-ease m sample size. The aeviations o-F 

tne 2Sl_E e=ti/r.ste= D*= sguations 5 anc 7 ana GILS estimates o-*̂  

eauation 5 conti~-wie to be m tne same class intervals 

1 ̂ "̂ ~esDect 1 v'e of an inc'"easB m samnie =:ZB. uJhiie t!~!t -^reQuer-ir^. 

diSt•-"iOut 1 cp Z'f tne vji^E estimates o-̂  sduatior "* is f.s same -̂ 3'-

samcie sizes 20 enc 1 JC , one GILE eEtimate of t̂ .e ez.-^tion nas 

iiTiC'"w"','e:3 1 r- sample sizs oO. Hgain we •̂I'-'C t'~i5t Z-^-B 2Si_E e=timats 

cf ec'-.atiof t, ana one tlL-S estimate of tr.e sarrs eoLation ns = 

worsened i'4hBr compar'sd to the smaiiest sample =ize, uf>B ^z>^z> 

Bstirrste o-̂  ecL.atior 2 nes i-c.--"sened m sample lO'I-. Its aeviatic"' 

f'"om tne f u e -'=1JE '-•e- Peen -̂ ûrther accentuatez v^ne- estimate Pv 

the -EILE metn.-"3. Gns Z'a''ameter or- ezi_5tiD~ 2 estipatsc bv the 

25i_E ana tne GIs-E mstnoc ns= recorded = Hmalief deviation m 

sample size t-'j out na= registe'-'ec a rise ir its deviation m 

sample size 100. Though one 23LS estimate c- equation 4 nas 

improved Kitn if̂ ĉ 'ease in sample size, one GI:_E estimate c-̂  the 

same ecuatip-" nas ce-vistec -further B-v^te^- -rrofT: its f j s --slue witn 

inceasB in saff;pls size. ~^e mpne'-- tns oecee o-̂  

eve'" —1 oeni i^icat lor t~5 dette"-" the eEti'~'?te= p-̂  zct^ tne metnocs. 

""ne C13S 0-̂  1 • 2'-'. • 2E_E ann 2'::/.' GI_E estimates ^;ve pecreasea 

v-Jitn ir.c'̂ 'ease in sample size and tnat of lO-Z'-^''.' 2E_5 enu l^'-*''.''/.' 

GIi_5 estimates ttavB incfCosed with increase m sample 

5ize.i2'3^%' 2EL5 ana li ZIZ. • GI:_5 estimates in sample size 100 

ns ,'e d'-este" bias tnen ip sample size cO pt-t snioller Pies tnan m 

sample size 2"-', and *^ 24'.' 25L5 ar-o S • 23'.' G I L E estimates in 

sample size IOC hsve smaller Pias tnan in sample size hO put 

Q'̂ 'eater Pias than in sample size 20. The t ^aiues of Dotn 2E:_E. 

end GIi_E estimates s^-e significant. Tne -ariances o-̂^ 2-5-• ̂J"̂'. 

23LS and 24 \6^".- GIi_E estimates nave aecreasea witn m c e a s e in 

sample size. S 23'. • GX^E estimates ha/e , = '"iance increasinc witn 

incf'ease in sample size. ~ne >-'a>-"ianzes of l',3'.' 2Ei_E ana 3<E'. 

GILS estimates m sample size 100 a'-e slightly gf-eater tnan m 

sample size 60 but smaller tnan in size 20. 
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An anslysis of Table XV shows that there has been no improvement 

IP tne 2SL5 estimates o-f eauation 5 and 6 and GILS estimates o-F 

equation 3 and 5. Wniie some o-P tne GILS estimates of the 

e;:activ identi-^ied eoLiatiDn nave imc'Dved vjirn increase in samole 

size, one 2SLS estimate of sample size 100 of the same equation 

has become wo*'se wner comDa^-ed to that in sample size t>0. Two 

2SL-£ estimates of ei:;ue-;:ion 4 nave oecome berte^- ir, sample Eize 

100 than m the smaller sizeo samples. but the -^^-SQuencv 

ristribuciDn of rhe GILS eszimateE of the same eouation i^ tne 

sample size 100 i= tne sasT.e a= in samcle =ize 2'I i^zicamg ic 

improvement m the estimaiss of the laJ-DS-" sample. '^-zjc*- ens 

improvec in sample sire fl . ir r.ae fegisre^sc an m c s a s s in tne 

""ag" 1 tuae o-̂  ae^iatiD'" i^ =ampi£ siz^ . j-. = n^ i~''eauenc% 

Zistf-'iPL't ion of the paf-amete'- estimates c-̂  the '"icneet aegree 

D-^er-i dent if lea equation IE tne same n̂e'*- computez D. the two 

oiffe^'enr methccs. I"" tnie case else we fine tnat f^e esti-'̂ -atee 

get better- as the degree of z>e!--i dent if icatizr irc-eases. The 

bias of ir'3T%i 2S;_E anp llf31'l- iZIi_S estimates have dec*^-eased 

vjith increase m sample size and that zf li'>3l"l̂  2E^E 3.r):i ^'>2&M' 

G I L S eetimatee nav-e increased witr increase m sample size. Z ̂. 

sample size !•-".', ther^e s 'B —• • 12'.' —w^c: anz c ^-•',. ^-L.:z estir.atee 

vNith Pias grester tna^ :n ea.T.ple size ^0 DJX. seal IS'" tna" i^ 

= a,T'D_e size 2-1, a~c " 2-°. 25_B anz ~ 21-'. GI^E esti.tates ĉ ith 

PISS g'"eater tnan i- sampie size 2J put smslle- tna- i' sample 

size tO. "̂ he variances o-̂  2~ ~'^''.i 25^S a~p 34 ^̂ '. • GI_E 

estimates na/e oecressed witn increase _~ sample size, E ' 23'. 

^'wLE estimates and 1 3'.' •J:^^= estimate m sampis size ^ I"? ha-s 

a'"ia'̂ ce= g"eete'- tnsr ir samcle size ::0 Put ST.alle- tha- i^ 

sampis size 2'I . Eott- 25^E anc Gl^E estimates nâ -'S eicni-^i pa'-'t t 

- alues. 
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Table XVI shows that there has not been any improvemem: in the 

2SLS estimates ai- ecjuation 2, 3 and 3, and 6IL3 estimates o-f 

equaizions 2. 3 ana 6, One 2SLS estimate o-f the e>;actly 

identified equation in sample sizes 20 and 60 has became equal to 

its true value but the estimate has deviated siigntly in sample 

size lOO. Two GILS estimates of eauation l have worsened in 

sample sizes 60 ana 100. i*ihile the -f^requency distribution o-f the 

deviation o-f 2SL5 estimates -from their respective true values 

is the same -for the equations 4, 6 anc 7, one estimate o-f each of 

these three equations has worsened in sample size 60. Agai-^ we 

-fina that two GTL3 estimates o-f et^uation 4 and one GILS estimate 

o-f equation 7 in the largest sample size has worsened when 

compared to the sample sizes 20 and 60. One GILS estimate of 

equation ^- has improved when compared to that o-f the smallest 

sample size. The estimates computed by both the methoas have a 

tendency to come closer to their respective true values as the 

degree of over—identification increases- 13(37/.) 2SLS and 

lO\29y.) GILS estimates have bias decreasing with increase in 

sample size; 7 \20V.> 2 S L 5 and t4('+<.''0 GILS estimates have bias 

increasing wirn increase in sample size; 8<.23>.; 2GL5 and 5C14>;) 

GILS estimates in sample size iO'-» have greater bias than in 

sample size 60 but smaller bias than in sample size 20; and 

7i2'.»>.,' 2SL3 and 6\i7y.; GILS estimates in sample size lOo have 

greater bias than in sample size 20 but smaller bias than in 

sample size 60. While the t values of botn 2bL£ and SILS 

estimates SLY-B significant, the variances o-f 32>94>..J 26LS and 

29(63"/) GILS estimates have decreased wizn increase in sample 

size. The variances o-f remaining 3(6*/.) 2 S L 5 and 6(17*/.) GILS 

estimates in sample size lOu are greater than in sample size 60 

but smaller than in samoie size 20. 
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CHAPTER - I V 

SUMMARIZATION OF RESULTS 



SUMMARIZATION OF RESULTS 

In the previous chapter we have discussed at length the behaviour 

o-F estimates o-F exactly identi-Fied and over-identi-fled feq(.iations 

of di-Fferent degrees computed by the 2SL5 and GILS methods in 

three di-F-Ferent sample sizes. The study has however oeen 

restricted to correct specification of tne model. Tne behaviour 

of estimates in the mis-specification case has been left out from 

the purview of our stuoy 

In the course of our 5' oeriments, we have found that some of t-'̂e 

parameter estimates in rhe different samples have Pecome negative 

when their true values are positive. This may be due to the fact 

that the mean of the e^-rofs in tne randomly picked samples is not 

zero as has been assumed in the universe. If the sample error 

deviates further away from its universe mean which is zero, there 

is a possibility of a change m sign of the estimates. 

For the purpose of summarization of findings we shall considef-

the four different-sized models separately. 

A survey of tne model= consisting of four eduations enc eight 

exogenous variables, the last of whicn is the constant, reveals 

that the parametei- estimates of the equations comprising the 

first model derived by the 2SLS and GILS methods separately not 

oniv come closer to their respective true values with increase ir. 

the size of the samples, out also with increase in degree of 

Dver-identification. That tne estimates get better with increase 

in the degree of over-identification can be seen in all three 

sample sizes. The second mooel which has been constructed by 

cnangmg the exogenous variable matrix and retaining the 

endogenous variable matrix of the first model snows that although 

some of the estimates computed separately by the 2SL3 and GILS 

methods have deviated further away from their respective true 

values with increase m the degree of over-identi-^ication, the 

magnitude of deviations of some GILS estimates are larger than 

the 2SLS estimates. The tnird model constructed using the 

exogenous variable matrix of the first model but changing the 
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endogenous variable matrix shows, when computed bv the 2SLS 

method, that the frequency distribution of the deviation of 

estimates of the over-identifled equations from their respective 

true values is the same when the number of samples tâ -en are 20 

and 100. This indicates that there has Deen no improvement in 

the estimates with increase in the size of the sample. Tne 

estimates nowever, r\B.\e a tendency to converge to their true 

values with increase in the aegree of over-iaent3firation. 

When the oILE methoo is usee we find tnat some of the estimates 

of higher degree over-identifled equations m the iargesc sample 

sire nave wD»-"senec compared to those in the smallest samcie size. 

The -f̂ Durth model, constructed using the cnanged exogenous anc 

endogenous variable matrices of the second and thirn models shows 

that the 2Si_5 as well as GIi_5 estimates come closef- to their 

r espective true values with increase in the aegree o-f 

over—identification and in tne increase of the number of samples 

taken. On an average wefind that while 34". 25L5 estimates have 

bias decreasing with increase in sample size, 35'/. SILS estimates 

nave Pias following tne same pattern. 30X of Poth 25i_5 and 6ILS 

estimates nsvs bias increasing with increase in tne size o-̂  the 

samples. Of the remaining estimates we fina tnat while an 

average of 21'. 2SL5 estimates have greater Dies in sample size 

100 when compared to those in sample size oO but smaller bias 

than those m sample size 20, only 157. OILS estimates nave 

behaved in the similar manner. Again we find that the bias of 

15'/. 2SLS and 20% OIL= estimtes in sample size 100 are greater 

than those in sample size 20 but smaller than those in sample 

size tsO. On an average, •74'/. 2Si_S and 63/. GILS estimates have 

variances decreasing with increase in sample size. Tne t values 

of both 2SLS and OILS estimates are significant. 

The first model, of the group of models comprising of five 

equations and ten exogenous variadles, shows that the frequency 

distribution of deviation of 2SLB and GILS estimates from their 

true values are same for equations 1 and 2 m sample size 20, and 

for all the equations of the model when the number of samples 

taken is 60. The 2SLS estimates of the last three equations are 

however, better than the GILS estimates when tne number of 
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samples taken are 20 and 100. Some of the GILS estimates of 

equations 1 and 2 m the largest sample ars better than the 2SL5 

estimates. We also find that two 2SLS estimates - one each of 

equations 4 and 5 and four GILS estimates — two estimates of 

equation 1 and one each of equations 4 and 5 nave improved 

with increase in sample size. The highest degree over-identifled 

eauetion nas estimates vcomputed Py both 2SL5 and GIi_S 

metnodS' witn very small deviations. Tne second model reveals 

that both 2bi_& anc GILS estimates nave the same frequency 

distriPution for tne exactly laentified equation. While some 

of tne estimates oT '.ne over—identified eauations, deri^-ec 

Dv tne •cwD diffef'ent metnoos, ttBve worsened in sample size aO, 

thev nave recorded lesser deviations ir sample size 100. •̂ gein 

we •'̂ ind tnat, wniie one 25L5 estimate nas oecome equal to its 

•crue value in sawpxe size oO, one GILS estimate nas improved 

Witn inc-^ease ^- =ampie size. In general. tne estimates get 

better as tne deqree v^ o ver-identit-ication increases. Tne 

•cnird model shows that tne frequency distribution of 2SLS and 

GIi_S estimates is same except for equation 4 in sample size 20 

and eduation 3 m sample size 100, where one GILS estimate nas 

recorded lesser deviation than tne 2SLS estimate. In sample 

size ibO, we find tnat wmle ZSLS met nod has given Petter 

estimates for equations 1 and 3, Gli_5 method has given petter 

estimates -ĵor tne nighest degree over-identified eouation. 

E;:cept for two estimates of equation 4, Poth 2SL5 and GILS 

estimates nave a tendency to come closer to tneir true values 

with increase in deqree of over-identification. The last moael 

of this size reveals that tne frequency distriPution of 

deviation of 25LS and GILS estimates is tne same for ail 

sample sizes. As for tne over-idenrifled equations, we find that 

GILS gives berter estimates wnen tne numper of samples tat en is 

60 and 2SLS gives Petter estimates when the numPer of samples 

taken is 100. That the estimates come closer to tneir respective 

true values with increase in degree of over—identification can De 

seen best in this model. On an average we find tht 2&/. 2SLS and 

28>'. GILS estimates nave bias decreasing witn increase in sample 

size; 21A 2SLS and 22X GILS estimates nave bias increasing with 

increase in sample size; 24X 2SLS and 25% GILS estimates have 
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bias greater in sample size 100 than in sample size tiO but 

smaller than in sample size 20; and 297. 2SLS and 25X 5IL3 

estimates in samole size 100 have greater bias than in samole 

size 20 Out smaller bias tnan in samole size 60. While doth 2SLS 

and GILS estimates h&ve siqni-Ficant t /alues, on an average 

as% 2SLS anc 797. GILS estimates have variances decreasing 

with increase in the size o-f samples. 

The -first o-f the -Four si;: equation models snows tnat tnere has 

been no imorDvement m the 2SL5 and tne GILS estimates with 

increase in sample size e tcept -i-or the last equation o-f the 

model. while two 2 S L S estimates o-f the niqnest degree 

Over-Identified equation nave improved with increase in samole 

size, two GILS estimates have come closer to tneir true values in 

samole size iO but reco'^deo increase m deviation in sample size 

100. Tne -fi--=quenc-̂  disfioution n-f ootn 2SLS and GIuS estimates 

o-f equations 3,4 and 5 is tne same. Botn Z5i_5 and GILS estimates 

have a tendency to come closer to tneir true values witn 

increase in tne degree o-f cver-identification. The second 

model snows tnat the magnitude o-f deviation o-f both 2SL5 and 

GIuS estimates o-f tne various equations is the same wnen tne 

sample size is iOO except o-f equation 4. we also -find tnat 

some estimates have deviatsd furtner awav -from tnei'- true /aiues 

even wnen tne degree o-f over-identi-fication increases. wnile 

some estimates nave improved witn increase m sample size, some 

have worsened. The tnird model reveals tnat w m l e tne 2SL5 

estimates o-f tne last equation ars oette^- than the GILS estimates 

wnen m e T.-moer o-f samples taf en ars /O and I'.'O, one Gli-S 

estimate a-f tne equation has decome equal to it s true value in 

sample size n-O. E"cept r-af equation Z in sample sizes 20 and aO 

and equation a m ail sample sizes, tne frequencv distripution o-f 

both 2SLS and GILS estimates are tne same. we -find tnat botn 

2SL3 anc GILS estimates have a tendency to converge to tneir true 

values with increase m tne degree o-f ovet—identi-fication. The 

•Fourth model shows that tne magnitude o-f deviation o-f some GILS 

estimates o-f over—identi-fled equations is smaller tnan tnat o-f 

the 2SL3 estimates. But in the case o-f exactly identi-fied 

equation, 2SL3 method has given better estimates. Mhile some o-f 

87 



tne estimates compured bv tne two di-f-ferent methods have worsened 

with increase in sample size, the estimates seem to deviate less 

with increase in tne degree o-f over - identi-Fication in all 

samole sizes. On an average, 33''. 2SLS ana ZZ7. GILS estimates have 

Dias decreasing witn increase in sample size; 18% 2Si_S and 23% 

bli_3 esrimres tia.'^^e pias increasing witn increase in sample size; 

20% 2SL5 and 25% 5IL3 estimates have greater bias in sample 

size lOO tnan in sample size 60 put smaller bias than m sample 

size 20 and 2^% 2SL5 and 26% 6 I L 5 estimates nave greater bias in 

sample size lOO tnan in sample size 20 Put smaller bias than m 

sample size oO. While tne estimates have aigni-i^icant t values, 

5S% 25i_5 ana 7^% GIL.5 estimates have variances decreasing witn 

increase m sample size. 

G-F the -Four seven epuation models, tne first one reveals that tne 

magnitude of ae'-'iation o-F some 25L5 and GILS estimates of 

ecuations 2 ana 3 a.r^ very high. Tne 25t_S estimates of these 

eauations are nowever petter tnan the GILS estimates. Wnile some 

of the GIuS estimates of equations 4,5 and 6 have smaller 

deviations tnan the 2SLS estimates, the estimates of tne 

last equation ars better wnen computed oy the 2SL5 method. We 

find tnat aotn 25i_3 ana GIi_5 estimates -̂ ave come closer to tneir 

t'"ue values with increase m degree of over identification. T'-g 

second model f-eveais tnat wniie a GILS estimate of eouation 3 IE 

better tnan the 2St_5 estimate in sample size 20, it nas 

deviated further away ft-om tne true vaiue in sample sizes O*.J and 

loO making tne 2SL3 estimate better. When tne numper of samples 

taren is iOO v̂ ê -Fine tnat 2 S L 3 gives Dstter estimates for ail 

equations except for two over-identifier equations o'̂  degree four 

=ind five. The freduency distripution of deviation of 

estimates of tnese two equations is tne same wnen estimated pv 

tne 2SLS ana the GILS methods. Altnougn some o-F tne 2SLS 

estimates have improved with increase in sample size, some 

GILS estimates have deviated furtner away from their true values 

m the largest sample. Both 2SLS ana GILS estimates have a 

tendency to come closer to their true values as the degree of 

over-identification increases. The third model shows that 

tne frequency distribution of deviation of both 2SLS and Gl!_S 
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estimaicss o-F eauations 5 and 7 is the same m the di-F-Ferent 

sample sizes. While some GILS estimates o-f the exactly 

loenrified equation are better than the 2SLS estimates, some 

25LS estimates o-F equation 2 have lesser deviations than tnat of 

tne 5IL3 estimates- One estimate o-F the last equation comoutec 

Dv the ZSi_3 and GILS metnoa has improved in sample size t>0 but 

rscorasd an increase in aeviation in sample size 100. Though 

some ZSLS ana GIuS estimates o-F the moaei have worsenea witn 

m c e a s e m sample size, in general the estimates computed bv 

Doth tne methods nave a tendencv to converge to their f u e values 

as tne aegree o-F o-^er-identi-Fication inc-eases. Tne last model 

G F tnis group shows that in tne case o-f^ tne e^:actlv laentifiea 

equation, ZSLS metnoa gives better estimates than tne GIuS 

metnoa. The -frequency distribution of ZSLS and 5Ii_3 estimates of 

equations 1 ana Z is tne same -^ar ail sample sizes. i»jniie one 

ZSi_5 estimate of tne last eauation has improvea witn 

increase in sample size, one 6Ii_S estimate nas improvea in 

sample size 60 put worsenea in sample size lOO. we fina tnat 

some of tne estimates, aerived by tne two aifferent 

methoas, nave improvea with increase in tne aegree of 

over-icentification and sample size- On an average- ZSX ZSLS 

ana i^\ SIi_S estimates nave pias aecreasmg wiizn increase in 

sample size; Z^'/. ZSi_S ana 4Z''- GIi_5 e=~: .-nare?: nave Dias 

incf-easmg witn increase in sample size: i^'A ZSi_£ ana ZO': 5Ii_5 

estimates have greater dias in sample size iOO tnan in samcie 

size oO put smaller pia= tnan in sample size ZO: ana î''- of aotn 

Z5t_S ana 5Ii_S estimates have greater pias m sample size lOO 

tnan m sample size 20 but smaller pias <-han in sample size cO. 

~ne t /alues of botn Z5i_S ana GIi_S estimates of tne mocele are 

significant- when an average of variances of estimates of 

all four -noaels is ta^en it is found that 39'/: ZSi_S and o^X G I L S 

estimates nave variances decreasina with increase in sample size-
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CHAPTER - V 

CONCLUSION 



Tne r e s e a r c h n a s b e e n c o n d u c t e o t o -^ind o u t t n e e-F-Fect o-*̂  va^-iouE 

a s g r e s E o-f o v e r - i a s n t i - ^ i c a t i o n o"~ t n e pe'-"-*^ormance o-r e s t i m a t o r ' s . 

F D " i n i s p u r p o s e we h a v e fr.acie u s e o r s i fPuit ianBDas eq a t l r - ' " 

fpc 3 e 1 s • 

li" s e e r i o n s 1 . i a n o i . Z o-F Z'~BVZB'-' I , ^̂ -e r i 5 , e d i s e a s e d i ^ d e l e i * 

r - e = o - s r e r r r:-̂  s i-xiw I r a n e o ^ - s e o - ^ t i o - " .odelE = - d i t s " e o s s = : t ' . .-'s 

" e ^ e 9_=o =-oi-i'^ t h a r t h e o r d i - 5 ' " - . s s s t Ezj_;-'"e= x e f ^ c r -I'-.s" 

= ; : j : _ . e r i r s u c r ~ o o e l = - ^ a i l ^ ~z ? - ' ' ^ r o ' " s i E t s r t e s t i r a t e s t e r s j s e 

V'B^'IBZIBB. ~^,B Z'^E /Tiei.tDO. "-'OWS S""'. K i l l ? i -'S OD"SlST;S '~t 

b e r ^ L ' E e i ""i r ^ s --e^L r e c - ^ C I T = : ; _ 5 t i o r . = t n e e c l£ '"arc: ' -" ' - , a ' " i a h j S E 

a " s - - e p - e s e ' - . T e d Dv t n e o ^ e - o s t e ' — i - e c - a ' - i = c l s = o ^ f . s n - o o e ^ . 

~ - i s S i - ' g g e s t s m a t we CBT- d e r i v e i n e e s r i m a r e s z-^ t h e 5" i" 'uc tu '" i? 1 

~Qe*--'-i z i e n t s / l a t n e • " e n u o e c -^orn; o o e - F - ^ i o i e r t s . ~ i u s , t ^ e 

p - ' o t ^ e r r - i s o-^-s o-*- i d e " t i f - i c a 1 

Z- s e r t . z - i l . r . - . - i 1 - . f o - t h e E £ - - S r - s o t e - . -,= r.? e d s l i - . e - t e d 

-̂•̂'rrr t:*"'e ' ecvced ô*-"?!! cos"^-^ioie"t:s, tne ec-'atio-' is _ "i de'".t i*-_ec 

r- _ ̂  2='—1 oe"""! 1 —ler. -̂  st'"_c"tU"5l erw^arior, i-*- i de'"'t i*-iec, IE 

I-"" euuEtion IS O' 5'"~ 1 oeit 1 "̂  1 eo i-̂  tie i-jn'iDe''" o*̂  e"oos"D'_' = 

rai-'isolsE wnic!"> ê t̂e-' i lo t^e Evster. o'Jt -ot i"to the e^u^tior 

-.s t "eater triar tne ~_p'De''~ c*̂  e'~oooe'~o_'E E'''iatleE IJU*""~*̂  ^T^^*-" 

present sr-.n fie numoe-' z-^ e.JogsnOw'E ^a^'iatleE abee-^t tnat t~ill 

aetermine the degree o-f̂  D'-e^"—laenti-^ioatiDn. "ne la'"ge'" tne 

numdef o-P e'.oge'̂ DLis variaPles inciuoed tnan tne nafriDe"-" or 

endcgenoL's variables moiunec. the c'"eate'" v-ill be the oegf̂ 'ee o-̂  

over-iaenti-Ficat ion. True conosDt c-*̂  ovB'--iaent i-̂ i tat ion eric its 

aegree nave been discussed m Detail in Znaoter II, 
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i*!caeis o-f -faur d i f -Feren t s i z e s have deen t a l - en . 5 i z e i n a i c a t e s 

t h e "umbe>" o-F e c u a n o n s and v a r i a D l e = ^ i n s t i t u t i n g t h e "nodel. 

Escn a-^ t h e -^cur s i r e s nas -fouf" fnocs ls . "'icnte Z a r l o e ; p e r i m e n r s 

"^avs Dee"^ ccnGUC"csc w i t n t h e s e s i ' i e s " mcce i s _is i ng t h e 

e s t imaTii nc tecnnia i - ies twD s t a g e l e a s i SuL-ares 'Z5LS' and 

g e n e r a l i s e : : i n d i r e c t l e a s t s q u a r e s SlL-S*. In C h a s r e r I I I -'̂ e 

nave a n a l , s e a i n e r e s u l t s o-F s a c ~ Tiodei seDa ' - ' a t s i - ' . ""'e t-'ite*-"ia 

„„ I'^s c a s i = CT whizn in -Fe r s"ces a o c j t t n s zen3vi:2L;r Q-T- r~e ZELS 

snc t - £ GIL'E e s t i n i a t e s havs oee r Z'-"5i-i'̂  a'-'s t zne iTiaonit-'Oe t-^ 

de 1 a t 1 z""' c*- est: liTiates TrZ'iTj t~e i -" t-'_;e ' = I_S5 , c i s s 5~z a r i s n z e ^ 

I r r - s z t S ' - I^ we na--e su^-.Tar z=sz t h e cer-^zr-parre c-F D-zt*" Z=_5 ana 

i3Ii_5 ssti-"na"ces o-̂  s . a c z l i z e ' ^ t i -F i sc and tve '" —i ds'^t i-^isd 

e n ^ a z i z n s z-t- Gi-F+^sr-eni: aeo-"es=, w~s~ f s ~z_-" t i~^s '"s~z—si zee 

j"P«3(je_= a r ^ Zrit-e"^ se^araTiSi. ' , 

In r n s c c u r s e o-F our s t u a v , we nave ^zund z n s r s c n e z - z - e 

pa r amerer es t i iTsates computed by t n e t-^c t i ^ -^e ' - s " t "nsznczs, i " t " e 

z~'"ee z i^—erent =5'75p2e s i z e s na , s b e c c n s negat i ' - 'S whs- t " e i ' " t r u e 

, ' a l -S5 3.r^ p c s i t i ' - ' S . ~ n i s •-•a z s t_.e t z z~e -F = z t f ^ - z z " s ne?--

c-̂  t r s s-"-"zrs i ^ zhe ' • s ^ z c - p i z - s z =a,T"piss ^? 's zs l a t e d 

-^U'"f-e'" B'4S\ T̂ '-C'iTi z'~s _.r,i-e'"=e nea r - ;r iz- ' -~as z e s " ass.j.T.ed t z zs 

I t na= 5 i s z ce^r - z u - d zr^^z t i-e '-I_::; mef-'cd •jre-- u sed :-• 

estimates ,'4-ic--. i-* -"cz tezts--, srs a= zzTfiets-^t ?= trzse de-i-sd 

Dv z-e Z = _5 fnetncc 

3n the D<= = I= O-F tne zritsria .issz --- ara^/Sirg z-e -ssults^ ^e 

nave found tnat onl / some ZSL5 as -̂ ell =s 5ILZ estuna'bes -5ve 

improved '-it" increase in sample sizes, ecme c-̂  tns esti.'^ates, 

however, na/= "-sccrdec smaller aeviaricns -̂ -"dm their true -a^ues 

as the numoer o-F samples taH e" is inceased •̂"CITI Z O to c?-!, but 

tnei'' Tiagnitucre ar deviation has increased as the numpe*-" o-^ 

samples tai-en is increased -Further to ilO. We also -^mo that 

some othef- estimates have deviazed -^urtner awav -From their true 
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/alues BS tine number o-F samples taken is increased from 20 to 60, 

but tnere has been a reduction in the magnitude of deviation of 

these estimates as the number c-f samples taken is further 

inc-eased tc 100. Tne magnitude o-? deviation of some estimates 

^-om their res^sectiv-e tri^e valuiss nâ -'e also been found to 

increase witn increase m sar^cle sizes- This behasiour of both 

2Si_S and GILS estimates ma/ be due to the fact tnst vinsn we 

aenerets r = ~rom njmDers the ^-elues c^ tne majority are around tne 

mean and -^^i-^ •, alues e'-e cuite ^a" &>fia\ -̂'•"crT' tne me?'",, £c wner 

r = nc;=:'m SHf̂ 'oles =re ta^ e~i T^'cr, rhsHe ranccmlv gsneratea numbe'" = . 

there is a czsEibilit.? that in scne s^-'-cIss, a few values quite 

&v^3.\ frcp; "cne rnea"" -.'slus na-j-e been selected. Both 2SL-5 3"C bILb 

estimstes have m genef-al a tender-c / tc corsverge to t"eir 

rescert::-5 t̂ "_'e .-alues as tns deg-'se -z-^ cve'--i cs'"t' f Icat ic-n 

mcrssEss. 

Due t3 the limitations imposed dv tne ccmcuter, tne study nao to 

ce resficted tc the use c-̂  only fifteen variadles. If v̂ ê could 

use T3ore v'^-'iables, the prooosition t'~et: 5ctn 25LE and GIs-E 

estinates tend to C-'^-'-'S^'ZB tc tnei'' true .-̂ l̂ues £--Jit*" I'^ceass i" 

tne cszree o— over—i de^t i-̂ icat;" ~n would ^̂ a'-e possioi/ been fncs 

clea-. 

It 1= to te rioted tnac focl-pi-oc-;^ gene--3i isat ion cannct ds dcre 

Q~ t~e casiH c-^ f^c-ts Za-lo metntC- ~nis is oecsuse ti"-e 'nstrzd 

crsa ~ct ci/= tne t,"-e ;.'•"cr̂ zi _ it di=t-i rjt i r-̂  of the estimats:^ 

cut rsins^- a~ emrji'-ical e^ti-^ate o-= tr?t Cist ̂-ifut i en. 

Tiie f'SB^a^'tzp nas Deen conducted using only the ccrrsfzt model, 

tnat IS, uEinc apriori resrf ici i r-ns tnat correctlv aescriDe t'̂ e 

artificial st^'ucture that nas deer used, Tne behaviour of tne 

estimates m tne mis—speci-*^ied cases has oeen iê t̂ out f^cm tne 

purview of the study. 

When a model is mis-specifled, some endogenous variables may be 

irrelevant or some relevant e;:ogenou5 variables may be missing or 

it may be a case of both missing exogenous and irrelevant 

endogenous variables. Mis-specification mav also arise due to 
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whe miSEing o-̂  reievenr eaystioPE wnicn in rurn mav ieac TID the 

iTiissing D-r relevant enaogenouE /a'^iabieE. We 'r now m e t tr.e 

presence D-P irs-eievant encogenoue \ariaDie= undef" zef'tain 

CDnaitiDPH ao not arrect t~e e=t i-T.ft iOr zi-f- tne Daf"afriete" = 

DrDviOea tney a'-'e i-iMCQr'-ej.eted. tut ".lEEr'ng e rgsnz.E v=-r:sbles 

nav'e an a^ve-se e^-^ert D" the SEtifr.ateE. Tne'-e i = , the"£—ce. 

ezDDe ---Dî  -P-'r'tne-- r-ĝ ^̂ ^̂ -̂ -j- --- îr,d z-t the e"ze'",t z~ e^-^ezz c--

uegree tf z-- ê ' —i zler-.t z-i rat izr z<^ the perf z-ra^.ze z'- estiiTiatz"E --
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ĴR I T E • * = - ' V T Y •, J ) , J = i . NhU ^ . '> i Z ! J • , J = i , , J 1 

WF : " E * , ' < ' % Y ( I „ 0 ; , .J - i , iMh , , Z > i , J ' ^ E - j . , \\t < 
6E 'ZGi ' iT lNuE 

, ; !_ 
-J i" L s '— I-- L 

^~Jz:iE " 

C 7 "i •-••- " ' 1 

c: 

-

3 

_ E M'U '"-M , i'-IH, 

„ ^ t F ^ . _' <-'E =• , 

• ^ E E - i • I - L Q H ' I 

J i - _ » . ' » . i L ' ' » •" 

r 1 , ^ E , Z 5 . r - ! . 

ah'_. . ^ 
wr̂  ITE \ ̂  -t. F EL = 1 h L U A T (. 1 r". CL • 
E L U b E • 1"- ' 
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