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1. Multivariate Regression Models

1.1 The Model
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1.2 Multivariate Least Squares
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1.3 ML Estimation
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1.4 Statistical Properties of the Estimators
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e., Wishart distribution with n degrees of freedom and covariance matriz . The p is the
dimenstonality parameter.
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Theorem 2 Under normality, we have
(a) B ~ N(B,(X'X)'oX)
) nX ~ Wp(n—m,%)
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1.5 Hypothesis Testing
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1.6 Exercises
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2. Seemingly Unrelated Regressions

2.1 The Model
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2.3 Equivalence of SUR and SELS
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3. Fixed Effects Models

3.1 The Model
T "W /\'\’,.,4‘ / ,/&_ '*z:“p.J’—fQ‘
Yit = T+ Wi + v+ 2B+ e

i = 1,...,a,t=1,...,b. T, ’J ‘{ﬂ“ 1\§ ¢ a,_f ‘-px ;'.—'i‘x% a.-.—')" > a,.;:;,,,
\w”lrmi ATy /2 \“ ;;" e \ o B b 61\"""?3"131,\2-%1‘
—— E{ ‘J 5 ﬁ"’"‘T M“&/{E'Lt} a- 'P/d& “’A’“ -~ L’!? \'L“;i’/ayﬁ - ?06)' W”
».\n—ab\ \,larm— 7

[ st g e e a.alﬂ»‘ \\'A

Y €
Yy=tnm+ L @)+ (e @Lh)v+XB+e

.My (Y11, Y12, - ~-,ylb,~~-,ya1,ya2,-~~,yab) =X a .z Ea». i, 'h""’ﬂ ”’L""
szt} a—‘{Ezt} M~ = (g, pta) a,_f/ = (V17~- ) T,.._ i, T ﬁ
A o 2 '(" ".; L a‘{“‘d!\‘»q? i, L—“L A1 \ -l s’ . A "“”"» ".L I a—-
L\ k k& - ;’L\ﬂm—f?‘ ~ ')y‘ P .,,QQ, i

IIQMF?? s, i ~mmtk.4}%hﬁ“yhkwkf~»ﬁ

t. F“;\_"a,._-., Z'Ju“gt ‘-5 "J- 13l ‘Y " L’! b‘(‘!‘a\ ‘.l‘drd X12/1:\ ‘\ ‘.-‘% { aﬂ-ﬂ}{b\»d'

Ayt

. ',,_” “-Nh ag.z -ra-:, \A‘-u a_,.,ﬁ A~ fi ’f "ﬁg{, P g —
'1 b & A sy Qe "";A ’él, ) Do »"W'» P R 'dummy
variables model T, s augr,h, '7? = ,.rﬁ-*'», sy, ,6,-, -, ,’:‘l,,.,,rﬁ 4“;.;_,, e

~ /Q-Yk ‘l Ln I X Ly 8, ‘® Ib a», o5 R RS S ‘5
) - A -‘.—‘P ‘hr &‘
RN &wa’.ﬂﬁwmwﬂf‘ﬂ‘~l J

vy oY
S = u 0 (5)
=1 t=1

1~ -0 . b Moy o fir s = o=l
\.ﬂi/lam— = *Y‘».v\.»—ﬁ‘»\ Ay v = al A \"}'

3.2 Estimation

W‘v‘ "l Lt , ,
lal / . Lbly, ,
[ -0 = HH, a1 — 0 = HyH]
A.A"M/Ha a,.;'Hb a;.;' \A{:A“L"&'i@;;‘!.l X}{f,A;,ﬂ-i H(;H =1,1 ar‘.—"HZ;Hb — Ib—la a';_)
s
\ Hou=p" a,z" Hy=v"
N~y ,a.HH' a —HbHy_y—‘r R NN ¢ o2 45).
‘Y" ,u #rt— bé} » E/ﬁ*gﬁgg\ ‘!J' rarmaraeD )

y—an+(Ha®Lb)u +(La®Hb)u*+Xﬁ+e



12

T }4"&‘}1 '1} ‘»‘h aﬁ:—‘lvk!na'\&‘» .‘P“‘»L‘{\‘lnnaH X Ly aﬁrﬁ—f ® Hy a‘!
’A—L‘-@-d St g b a—A.,'» \ f‘-t-‘;ﬁ‘ﬁg*n‘l’&“ ,,al el
-’..-p’ "‘i— .a-‘ua’. /L’:ﬂ ,M\"-‘- = &V'».a\—',- A
Y "\
P = L"L;“+<a L“L;)®M’+%®<Ib—%>
n a b a b
/
= I, ®Lbbbb+ @I, — n'n
Lo Q=1-Pax ;‘;ﬁ\,,,ole"-n@?B\vﬁal
B=(X'QX)X'Qy (6)
N~ =, B
AT ! !
I ®LbLb lalg ®Iba ﬂ
g 4} o~ d, iz -1, s AL
a g A & 1 a, ) 7O s
“»:‘W\'}' '»Qﬂ - b 'Y*»“'yu“{ ‘;‘M 5 A=y

- ';\"; .»,‘ 6"&“ N .._OLS l \"""@'ﬁ ~ B - V‘!L‘Y\ e
Yit — Ui — G +§ = (Tt — Ti — Ty +7) B + ex
T, OLS l\wv-ay;x]. S~ ags T ragde ‘*Lia g 47-7—, PN, L:ﬂ

y_XB: lnT + (Ha®éb),u* +(La®Hb>I/ + e

S'ﬁ- A—"»i“n‘l,a'» ,A-L‘.f‘i—'» » A .n—'l "57"1 ”'V' A”; T
o ,az{ A-Al'\—;\.i*“‘ - maﬂ"ua.a- N
Y =y
MZHaM Az "V = Hyv™
- o= -" ~ ~1
T=y—3B, i=G-9) —(@-2)8, = (0-9y —(@:—7)B
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4. Random Effects Models

4.1 The Model
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4.2 Estimation of Regression Coefficients
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4.3 Estimation of Error Components
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4.4 Exercises
1. O~ : il il V'”ﬁ)
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