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1 2-Variable Regression Model

Yi=a+ X, +¢ wherei=1,...,n

1.1 Normal Equations

Zeizo; Zele:O
=1

=1

1.2 Least Squares estimates

ca=Y —bX

1.3 Estimation of the error variance

-~ Y'—}_/ 2_b2 - X'—)_( 2
82 _ RSS __ i;( ‘ : i;1( ‘ :
e n—-2 n—2

1.4 Test on the regression slope coefficient

Hy: =B, Hi: B # Bo

t= (:(ﬁb()’), where se(b)? = —e—

1.5 Standard error of prediction of Y, ; given X,

se(Yai1) = se\/l 1 Can X2

> (Xi—X)?
=1
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2 Multiple Regression Model

Y = 6o+ 51X + BoXoi + ... + B Xy + €, where i =1,...,n

2.1 Normal Equations

n

Z e; = 0; Z eiX1; = 0,
i=1

=1 A

(2

eiXQi == O, Ce Z eiin =0
=1 =1

7

2.2 Estimation of the error variance

n
e2
82 _ RSS _ ="
e n—k-1"~ n—k-1

2.3 R-squared

2 _1_ RSS.
R7=1 TSS”

R-bar-squared: R? =1 — %

2.4 Test on regression coefficients

(i) Single coefficient is equal to some hypothesised value:

Hy : ﬁi = 51'0, Hy 51' 7é 51'0’
t — bi=Bi) 4
b

se(by) n—k—1

(ii) All slope coefficients are equal to zero:

Hoiﬂlzﬁg...zﬁkZO,HlZAIlyﬁj?éOj:l,...,kZ

_ R? n—k-1
F = 1-R2°~ &k ~ Fk’n,k,1

(iii) A subset of coefficients are equal to zero:

Ho:ﬁlzﬁg...:ﬁj:(), HlAnyﬁl;éOZ:l,,]
_ (RSSE—RSSY) n—k—1
F— ~ .
RSSY i jn—k—1

(iv) The coefficients from some sub-set of observations are equal to those of some

other sub-set of observations:

HO/B(%:ﬁgaﬁll 2522:511 :/8]37 le Any&; #6327]:077]{:
_ [RSSE—(RSS'+RSS?)]/(k+1)
F= (RSST+RSS?)/[n—2(k+1)] Flet1n—2(k+1)
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2.5 Omitted Relevant Variables

Yi= 0o+ 51X+ BoZ; + €
( 1) = 51+520?/vai( Zs)

2.6 Measurement Error
Y; = 8o+ B X! + &

A cov(X E u;
E(/Bl) = 51 - 51 V(ET(ZXF))

2.7 Selection Criteria
(i) AIC: In(RSS)/n + 2k/n
(i) HQ: In(RSS)/n+ 2kInln(n)/n

(iii) BIC: In(RSS)/n+ kln(n)/n
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3 Limited Dependent Variable Model

3.1 Linear Probability Model

PIY; = 1] = X5

3.2 Logit Model

PIY; = 1] = F(X]B) = ez = AX[B)

Trexp(X[8)

pdf for logit model:
fXiB) = MXB) = AMX;B)[1 — A(X]B)]

3.3 Probit Model
X!8 )
PlY; =1] = F(X[p) = _f (2m) "2 exp(—z/2)dz = ®(X]5)

pdf for probit model:
F(X1B) = 6(X[B) = (2m) 2 exp(—(X[5)*/2)

3.4 Interpreting Coefficients (for continuous variable)
OB _ ORI g
0Xji — o(XiB) I

where (?(%f)) = f(X!B) and f(X!5) is the pdf.
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4 Time Series Models

Yi=a+8iXu+BXu+ ...+ 58X+ t=1,...,T

T T T T
Normal Equations: > e, =0; > X1 =0, > e, Xy =0; ... > X =0
t=1 -1

t=1 t=1 t=

2

N

(et—et—1)
2

T
2 ef
t=1

Durbin-Watson Test statistic: d = 4

1-Ts2’

on lagged dependent variable and ¢ = Estimated 1st autocorrelation term.

Durbin’s h-statistic: h = ¢,/—%=, where s> = Estimated variance of coefficient

4.1 Serial Correlation

4.1.1 AutoRegressive Model (AR(p))

P
Yi=p+ 2 ¢V j+e

j=1
EY)=p/(1—¢1—¢a—...— ¢p)
Yule Walker Equations:

Vi = P11+ Pavj-2- -+ DpYi-p
where v, = cov(Y;, Y,_x) and v = var(Y})

Pj = G1pj—1+ P2pj—2 -+ Gppjp
where py, = corr(Y;, Y;_y) and py = 1

4.1.2 Moving Average Model (MA(q))

q

Y; =pu+ " 0jej, where 6y =1
=0

E(Y;) =p

Yo=0*(1+607+65+...+62)
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5 Non-Stationarity

5.1 Unit Root Tests
5.1.1 ADF

q

Model C: AY; = p+at+~Yi1 + Y AY,; + &
j=1

where Model A: = 0,a =0; Model B: aa =0

Hy:~v=0, H : v <0; Test statistic: je—ao) ~MacKinnon critical values
5.1.2 DF-GLS

For trend stationarity, estimate the model Y; = 6o X; + 01 Z; + &,

where Y, =Y, X1 =1,Z2,=1,Y, =Y, —a*Y,_1, X; = 1 — o, Zy=t—a*(t—1) for
t=2,...,Tand o* =1— (13.5/7).

Obtain the residuals: Y;* = Y; — (8 + 61¢) and undertake the ADF test on Y*:

p*
AY  =a+9Y7 + > GAY  + &
Jj=1

Hy:v=0,H:7<0

5.1.3 KPSS

Estimate the following model (for trend stationary series):

Y, = p+ at + n, and save the residuals, 7,
T

KPSS = 755 > 5}
t=1

t
where S; = >~ 7); and A\? is long-run error variance.
i=1

5.2 Engle-Granger Two Step Procedure

Assuming Y; ~ I(1) and X; ~ I(1) then the long-run equation is:

Yi = fo+ 5iXe + &

is cointegrated if &; ~ 1(0).

In which case there are potential two error correction models (ECMs)
P1 q1

AY,; =+ Y 1 AXej + > B1ijAYi + 6161 + vy
=1 =1

J J=

p2 q2
AXy =ay+ D 7 AYij + > BojAX i+ 02611 + vy
j=1 j=1
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6 PANEL DATA

6 Panel Data

The basic regression model is of the form:
Yie = a; + dy + BXyt + €t

wheret=1,...,n,t=1,...,T

6.1 POLS: a; =0, d, =0

Yi=a+ Xy +ey wheret=1,...,n, t=1,...,T

N T
Z Z (th - X)(Y;,t - Y)
b . 1=1t=1
= ~ :
> 2 (Xau— X))
i=1t=1
N T N T
igl tgl Xit igl tzz:l Ytit
where: X ==F— Y, = = =—
6.2 1-way Fixed Effects: a; #0, d; =0
Yi=a;+ Xy +ciy wheret=1,...,n, t=1,...,T
N
Z 2 (th - X@ )(Y;t Y;)
p— i=Li=l
— = :
> > (X — Xi)
i=1i=1
T T
ZX > Vit
where: X; = =%— Y, = =5
6.3 2-way Fixed Effects: a; #0, d; # 0
Y;t:ai—l—dt—l—ﬁXit—i—eit whereizl,...,n,tzl,...,T
N T _
> > XY
p _ i=Li=l
- N T _
> > X3

i=1t=1
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where X; = Xy — X; — X, + X and Yy, = Y;, — Y, — Y, 4+ Y. and

T T N N N T N T
tZIXu tZlYit ZIXH ZlYit thZlXu thZlYu
X, =5 y== x, ==y =5 x ==l y_==
‘ T ' T 't N ¥ N g NT : NT

6.4 Dynamic Panel Data Model

Yi=a;+ 51 X+ BoYi1+ei wherei =1,....,n,t=2,...,T
Estimated as:
AYy = BiA Xy + BoAYi 1 + Aeyy



