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1 2-Variable Regression Model

Yi = α + βXi + εi where i = 1, . . . , n

1.1 Normal Equations
n∑

i=1

ei = 0;
n∑

i=1

eiXi = 0

1.2 Least Squares estimates

b =

n∑
i=1

(Xi−X̄)(Yi−Ȳ )

n∑
i=1

(Xi−X̄)2
, a = Ȳ − bX̄

1.3 Estimation of the error variance

s2e =
RSS
n−2

=

n∑
i=1

(Yi−Ȳ )2−b2
n∑

i=1
(Xi−X̄)2

n−2

1.4 Test on the regression slope coefficient

H0 : β = β0, H1 : β ̸= β0

t = (b−β0)
se(b)

, where se(b)2 = s2e
n∑

i=1
(Xi−X̄)2

1.5 Standard error of prediction of Yn+1 given Xn+1

se(Yn+1) = se

√
1 + 1

n
+ (Xn+1−X̄)2

n∑
i=1

(Xi−X̄)2
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2 Multiple Regression Model

Yi = β0 + β1X1i + β2X2i + ...+ βkXki + εi where i = 1, . . . , n

2.1 Normal Equations
n∑

i=1

ei = 0;
n∑

i=1

eiX1i = 0,
n∑

i=1

eiX2i = 0; . . .
n∑

i=1

eiXki = 0

2.2 Estimation of the error variance

s2e =
RSS

n−k−1
=

n∑
i=1

e2i

n−k−1

2.3 R-squared

R2 = 1− RSS
TSS

;

R-bar-squared: R̄2 = 1− RSS/(n−k−1)
TSS/(n−1)

2.4 Test on regression coefficients

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

H0 : βi = βi0, H1 : βi ̸= βi0,

t = (bi−βi0)
se(bi)

∼ tn−k−1

(ii) All slope coefficients are equal to zero:

H0 : β1 = β2... = βk = 0, H1 : Any βj ̸= 0 j = 1, . . . , k

F = R2

1−R2 .
n−k−1

k
∼ Fk,n−k−1

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

H0 : β1 = β2... = βj = 0, H1 : Any βi ̸= 0 i = 1, . . . , j

F = (RSSR−RSSU )
RSSU .n−k−1

j
∼ Fj,n−k−1

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

other sub-set of observations:

H0 : β
1
0 = β2

0 , β
1
1 = β2

2 ... = β1
k = β2

k , H1 : Any β1
j ̸= β2

j , j = 0, . . . , k

F = [RSSR−(RSS1+RSS2)]/(k+1)
(RSS1+RSS2)/[n−2(k+1)]

∼ Fk+1,n−2(k+1)
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2.5 Omitted Relevant Variables

Yi = δ0 + δ1Xi + ui

Yi = β0 + β1Xi + β2Zi + εi

E(δ̂1) = β1 + β2
cov(Xi,Zi)
V ar(Xi)

2.6 Measurement Error

Yi = β0 + β1X
T
i + εi

XR
i = XT + ui

E(β̂1) = β1 − β1
cov(XR

i ,ui)

V ar(XR
i )

2.7 Selection Criteria

(i) AIC: ln(RSS)/n+ 2k/n

(ii) HQ: ln(RSS)/n+ 2k ln ln(n)/n

(iii) BIC: ln(RSS)/n+ k ln(n)/n
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3 Limited Dependent Variable Model

3.1 Linear Probability Model

P [Yi = 1] = X ′
iβ

3.2 Logit Model

P [Yi = 1] = F (X ′
iβ) =

exp(X′
iβ)

1+exp(X′
iβ)

= Λ(X ′
iβ)

pdf for logit model:

f(X ′
iβ) = λ(X ′

iβ) = Λ(X ′
iβ)[1− Λ(X ′

iβ)]

3.3 Probit Model

P [Yi = 1] = F (X ′
iβ) =

X′
iβ∫

−∞
(2π)−

1
2 exp(−z/2)dz = Φ(X ′

iβ)

pdf for probit model:

f(X ′
iβ) = ϕ(X ′

iβ) = (2π)−
1
2 exp(−(X ′

iβ)
2/2)

3.4 Interpreting Coefficients (for continuous variable)

∂E(Yi)
∂Xji

=
∂F (X′

iβ)

∂(X′
iβ)

.βj

where
∂F (X′

iβ)

∂(X′
iβ)

= f(X ′
iβ) and f(X ′

iβ) is the pdf.
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4 Time Series Models

Yt = α + β1X1t + β2X2t + ...+ βkXkt + εt t = 1, . . . , T

Normal Equations:
T∑
t=1

et = 0;
T∑
t=1

etX1t = 0,
T∑
t=1

etX2t = 0; . . .
T∑
t=1

etXkt = 0

Durbin-Watson Test statistic: d =

T∑
t=2

(et−et−1)2

T∑
t=1

e2t

Durbin’s h-statistic: h = ϕ
√

T
1−Ts2c

, where s2c = Estimated variance of coefficient

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

4.1 Serial Correlation

4.1.1 AutoRegressive Model (AR(p))

Yt = µ+
p∑

j=1

ϕjYt−j + εt

E(Yt) = µ/(1− ϕ1 − ϕ2 − . . .− ϕp)

Yule Walker Equations:

γj = ϕ1γj−1 + ϕ2γj−2 . . .+ ϕpγj−p

where γk = cov(Yt, Yt−k) and γ0 = var(Yt)

ρj = ϕ1ρj−1 + ϕ2ρj−2 . . .+ ϕpρj−p

where ρk = corr(Yt, Yt−k) and ρ0 = 1

4.1.2 Moving Average Model (MA(q))

Yt = µ+
q∑

j=0

θjεt−j, where θ0 = 1

E(Yt) = µ

γ0 = σ2(1 + θ21 + θ22 + . . .+ θ2q)
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5 Non-Stationarity

5.1 Unit Root Tests

5.1.1 ADF

Model C: ∆Yt = µ+ αt+ γYt−1 +
q∑

j=1

∆Yt−j + ϵt

where Model A: µ = 0, α = 0; Model B: α = 0

H0 : γ = 0, H1 : γ < 0; Test statistic: γ̂−0
se(γ̂)

∼MacKinnon critical values

5.1.2 DF-GLS

For trend stationarity, estimate the model Ỹt = δ0Xt + δ1Zt + εt

where Ỹ1 = Y1, X1 = 1, Z1 = 1, Ỹt = Yt − α∗Yt−1, Xt = 1− α∗, Zt = t− α∗(t− 1) for

t = 2, . . . , T and α∗ = 1− (13.5/T ).

Obtain the residuals: Y ∗
t = Yt − (δ̂0 + δ̂1t) and undertake the ADF test on Y ∗:

∆Y ∗
t = α + γY ∗

t−1 +
p∗∑
j=1

δj∆Y ∗
t−j + εt

H0 : γ = 0, H1 : γ < 0

5.1.3 KPSS

Estimate the following model (for trend stationary series):

Yt = µ+ αt+ ηt and save the residuals, η̂t

KPSS = 1
T 2

1
λ2

T∑
t=1

S2
t

where St =
t∑

j=1

η̂j and λ2 is long-run error variance.

5.2 Engle-Granger Two Step Procedure

Assuming Yt ∼ I(1) and Xt ∼ I(1) then the long-run equation is:

Yt = β0 + β1Xt + εt

is cointegrated if ε̂t ∼ I(0).

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

∆Yt = α1 +
p1∑
j=1

γ1j∆Xt−j +
q1∑
j=1

β1j∆Yt−j + δ1ε̂t−1 + ν1t

∆Xt = α1 +
p2∑
j=1

γ2j∆Yt−j +
q2∑
j=1

β2j∆Xt−j + δ2ε̂t−1 + ν2t
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6 Panel Data

The basic regression model is of the form:

Yit = ai + dt + βXit + εit

where i = 1, . . . , n, t = 1, . . . , T

6.1 POLS: ai = 0, dt = 0

Yit = α + βXit + εit where i = 1, . . . , n, t = 1, . . . , T

b =

N∑
i=1

T∑
t=1

(Xit −X..)(Yit − Y..)

N∑
i=1

T∑
t=1

(Xit −X..)
2

where: X.. =

N∑
i=1

T∑
t=1

Xit

NT
; Y.. =

N∑
i=1

T∑
t=1

Yit

NT

6.2 1-way Fixed Effects: ai ̸= 0, dt = 0

Yit = ai + βXit + εit where i = 1, . . . , n, t = 1, . . . , T

b =

N∑
i=1

T∑
t=1

(Xit −Xi.)(Yit − Yi.)

N∑
i=1

T∑
t=1

(Xit −Xi.)
2

where: Xi. =

T∑
t=1

Xit

T
, Yi. =

T∑
t=1

Yit

T

6.3 2-way Fixed Effects: ai ̸= 0, dt ̸= 0

Yit = ai + dt + βXit + εit where i = 1, . . . , n, t = 1, . . . , T

b =

N∑
i=1

T∑
t=1

X̃itỸit

N∑
i=1

T∑
t=1

X̃2
it
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where X̃it = Xit −Xi. −X.t +X.. and Ỹit = Yit − Yi. − Y.t + Y.. and

Xi. =

T∑
t=1

Xit

T
, Yi. =

T∑
t=1

Yit

T
,X.t =

N∑
i=1

Xit

N
, Y.t =

N∑
i=1

Yit

N
,X.. =

N∑
i=1

T∑
t=1

Xit

NT
, Y.. =

N∑
i=1

T∑
t=1

Yit

NT

6.4 Dynamic Panel Data Model

Yit = ai + β1Xit + β2Yit−1 + εit where i = 1, . . . , n, t = 2, . . . , T

Estimated as:

∆Yit = β1∆Xit + β2∆Yit−1 +∆εit
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