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1.1 On tap vé Kinh té lwong n

Y=1(X,X,,.,. X )+e=p +B.X +B.X, +..+B, X +u (PRM)

f(X,.X,,.. X, ) =B, +B, X, +B,X, +..+ B, X, (PRF)

Gia thiét 1. Gia trj trung binh cia sai s6 ngau nhién (SSNN) bang 0,
nghia la: E(u/X=x,) =0

Gia thiét 2. Phuong sai ctia cac SSNN bang nhau, nghia 1a:

Var(u/X=x,) = ¢>

Gia thiét 3. Cac SSNN khong twong quan véi nhau, Cov(u;,u;)=0
Gia thiét 4. Cac SSNN va bién giai thich (X,) khong twong quan véi
nhau, nghia la: Cov(u,;, X,) =0

Gia thiét 5.Cac bién giai thich (X, ..., X,) doc lap tuyén tinh .0,



1.2 Mot s6 khai niém

- S liéu chéo (Cross section data) l1a s6 liéu dugc thu thap tai mﬁyi
diém cu thé trén nhiéu phan tir khac nhau.

- S liéu chudi thoi gian (Time series data) la s6 liéu duoc thu thap trén
mot phan tir nhung tai nhiéu thoi diém (thoi gian) khac nhau.

- S6 liu mang (Panel data) 1a su két hop cua so liéu chéo va so liéu
chudi thoi gian gom s6 liéu mang cAn bang va so liéu mang khong
cAn bang.

Vidu 1.1 Xem file “Data Chl .xls”
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1.3 Cau tric ciia panel data (Structure of Panel Data)

MBJi bién (X) quan sat theo dit liéu bang duogc cau tao bai 3 tha

chinh gom:

- Bién X dang quan sat trén phan tiri (i=1,2,3,...,n)

- Bién X dang quan sat ¢ thoi gian t (t=1, 2, 3,..., T)
- S0 luong céac bién (X,) dang quan sat (v=1, 2, ...k)

n! p!an

Time unit (1) Cross section unit (i)
1 2 3 N X
1 X1 X7 X3 XN X
2 X12 X2 X3 Xn2 X2
3 X3 Xn X33 Xn3 X 3
T X\r Xor Xar XNt X1
)-(,', J-(], )-(2, J-(3, J-(N_ X 6/6/2022




Tong quat: Mot bién quan sat (X) theo cau trac cua dir liéu bé'mnc’)
dangla X, (1=1,2,..n; t=1,2,3,....,T) vO1

T
Y = &l lt. 2 X | 21 121‘1 it
l.. T b
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1.4 Loi ich trong phén tich s6 liéu mang

- SO liéu mang khong ¢6 tinh nhat quan gitra cac so li¢u dugc k!ao sat.

Cac k¥ thuat udc lugng trong dit liéu bang s& dua ra nhiéu tinh toan
cho phu hop.

- S6 liu mang chira nhiéu thong tin hitu ich hon, tinh bién thién nhiéu
hon, it hién tuong da coOng tuyén gilra cac bién hon, nhiéu bac tu do
hon va hi€u qua cao hon..

- Bang cach nghién ciru quan sat 1ap di 1ap lai cta cac so liéu chéo, s6
liéu mang phu hop hon cho viéc nghién ctru dong thai thay doi theo

thot gian cua cac so li€u chéo nay.

Mr U_KHOA TOAN KINH TE 6/6/2022



Dir liéu bang c6 thé phat hién va do ludng tot hon céac tac d a

nguoi ta khong thé quan sat dugc trong sé liéu chudi thoi giangé
liéu chéo thuan tay

Dir liéu bang 1am cho chung ta cé thé nghién ctru cac mo hinh hanh vi
phuc tap hon.

Bang cach cung cap dit liéu d6i voi vai nghin don vi, dit liéu bang co
thé giam dén mirc thap nhat hién tugng chéch co thé xay ra néu chung
ta gop phan tir theo nhiing bién s6 c¢6 murc tong hop cao.

Pa cong tuyén gita bién X, va bién tré (lag) X1 €O thé duogc giam
b6t nho dit 1iéu bang. Dr 1i¢u bang 1én thuan 1o1 cho viéc phan tich

cac mo hinh dong (dynamic panel data)
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1.5 Thuén lgi va khé khiin ciia mo hinh phéan tich sé liéu man

Thuén loi cia so liéu mang 1a cung cap mot cai nhin day du ve tat ca
cac tac dong (co dinh, ngiu nhién) co thé co xay ra trén moi phan tir theo
thoi diém va thoi gian cling nhu cac gia thuyét thuong xay ra trong mo
hinh hoi quy da bién.

Khé khin cua so liéu mang 13 co kha nhiéu phuong phap uée luong cé
thé str dung duge (Pooled OLS, FEM, REM, GLS, GMM,SGMM,,...) dé
khac phuc cac khuyét tat trong mdé hinh nhu phuong sai thay do6i, hién

tuong da cong tuyén
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1.6 Nguon goc su thay doi trong so liéu mang Bty

Time unit (1) Cross section unit (i)
1 2 3 N X,
I X1 X7 X3 Xy X,
2 X1 X7 X XN2 }-(2
3 X3 Xn X33 X3 X3
T Xir Xor Xar XNT X1
X X X X3, Xy X
1 1 N N
? thlX ? _ Zt it ? _ Zilezt ? _ lelyzt
i. i t >t
T T N N
N T
Z > X, = DYy
i=1 =1 1, — i=1 =1 U,
9 9
Mr U KHOA TOANM NT 6/6/2022



T

S)VZXZ. = Z(Xit B Z)z

t=1

The within-entity variation for a particular cross section unit 1 for eﬁ(

For all cross section unit, the sum of squares in measuring the within-
entlty Varlatmn of X

Z}:Z‘(X X )

Covariance betweeen two variables X and Y within a particular cross

section unit 1
T

s = 2(X X))

=1
Covariance betweeen two variables X and Y within group for all cross
section unit

MW KHOEZ;’( lt Z)( it - ?l) 6/6/2022
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The sum of square measuring between-entity variation of a Variablﬂ

st -S(T-T) -3 (T T

i=1 t=1
Covariance of two variables between groups

sty = 23X X )vi=¥) =1y (XX ¥-7)

i=1 t=1

Total variation of X
N T "
T oW B
S)(X - ZZ(Xit - X) - SXX T SXX
i=1 t=1
Total variation between X and Y
N T _ _
r __
St =22 X, - X )(¥,-¥)

i=1 t=1
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Remark. m

Panel data (longtitudinal) set 1s one that follows a given sample of

individuals over time, and thus provides multiple observations on
each individual 1n the sample (Hsiao 2003, page 2).

1.7 Panel data (balanced & unbalanced)

A panel 1s said to be balanced if we have the same time periods, t
= 1,.., T, for each cross section observation. For an unbalanced

panel, the time dimension, denoted T,, 1s specific to each individual

Mr U_KHOA TOAN KINH TE 6/6/2022



STT YEAR ROAA STT YEAR ROAA

LNTT/TTS tb LNTT/TTS tb

1 2009 10.020624455 1 2009 Null

1 2010 1 0.020498197 1 2010 10.020498197

1 2011 10.010096679 1 2011 1 0.010096679

2 2009 ] 0.020778164 2 2009 | 0.020778164

2 2010 ]0.016634751 2 2010 Null

2 2011 10.017290683 2 2011 1 0.017290683

STT YEAR ROAA
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LNTT/TTS tb

2 2009 1 0.020778164
2 2010 10.016634751
2 2011 1 0.017290683
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1.8 Micro-panel and Macro-panel data set m
on 1 1s

Micro-panel data set 1s a panel for which the time dimensi
largely less important than the individual dimension N (T << N)
Disadvantge. The heterogeneity 1ssue cannot be tackled with if the time
dimension is too small

Macro-panel data set 1s a panel for which the time dimension T 1is
similar to the individual dimension N (T ~ N)

1.9 Main advantage of panel data

Adyv 1. The phantasm of a larger number of observation

Adyv 2. New economic questions (identification)

Adyv 3. Unobservable components

Ady 4, Easier estimation and inference 06202



Adyv 3. Unobservable components n

y.=atpx,+pz,tu, ,1=1, ., Nt=1,..T (1.1)
here,
x;; and z are k,;x1 and k,x1 vectors of exogenous variables
a 1s a constant, 3 and p are k,x1 and k,x1 vectors of parameters
u, is i.i.d. over i and t, with V (u,) = 62,
Let us assume that z, variables unobservable and correlated with x;,
Cov (z;; . x;) #0
Pre Eq. (1.1) y; = o+ Bx; + py,
It is well known that the least-squares regression coffcients of y,, on x,,

are biased (endogenity bias)
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Adyv 3. Unobservable components (tt)
i 1=1,.,Nt=1,..T (1.1)

y,=a+Bx,+p'z,+u
Method 1. Let us assume that z, = z, 1.e. z values stay constant through
time for a given individual but vary across individuals (individual
effects)
Yie =0+ Pxit p'zituy (1.2)
Yie = 0+ B7Xj F pyp, cov (X ) # 0 (1.3)
Then, 1f we take the first difference of individual observations over time:

— Vi1 = B (= X )F Wy -0 (1.4)

Least squares regression Eq. (1.4) now provides unbiased and consistent

estimates of 3.

Homework, Prove Eq. (1.4) is unbiased when applying regressor by QLS |



Adyv 3. Unobservable components (tt) m
y.=atpx,+pz,tu, ,1=1, ., Nt=1,..T (1.1)

1t

Method 1. Let us assume that z, = z, 1.e. z values are common for all
individuals but vary across time (common factors)

Y=o+ p’x,tp’z+uy (1.5)

Yie = 0+ BX t y, cov (Xit, W) # 0 (1.6)

Then, 1f we consider deviation from the mean across individuals at a

given time

Y™ Vi = ﬂ’(xit - xz)+(uit _uz) (1.7)
Least squares regression now provides unbiased and consistent estimates
of 3

Homework, Prove Eq. (1.7) 1s unbiased when applying regressor by QLS |



1.10 Panel Data Model n

Vie = Oy T Pix oy (1.8)

where

- 1=1,.,N;t=1,..,T

- o, 1s a scalar that varies across 1 and t,

- Bi= Biio Brip --» Prci) 18 @ Kx1 vector of parameters that vary across i
and t,

- X = (Xyip -0 X)) 18 @ Kx1 vector of exogenous variables,

- u, 1s an error term over times (t) and individuals (1).

Remark. Model (1.8) has a large complex don’t possible to research at

the moment.

i ¢ —r—r P8
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In a study or finding out about panel model, Model (1.8) 1is my

approaching the suitable way, such as

Yie= 0+ Px;tu,  (1.8)

Time unit (1) Cross section unit (i)
1 2 3 N X,
X1 X2 X3 XN X
2 X12 Xn X3 XNn2 X2
3 X3 Xn X33 XN3 X3
T X1 Xor Xar XNt X1
X; X X2 X, XN X
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i t Y X, X, X, E
1 1 Yi=1 =1 X1 =1 =1 X01] X313
1 2 Y10 X112 X512 X213
1 3 Y13 X113 X513 X213
2 1 Yo X121 X991 X191
2 2 Y9 X122 X999 X199
2 3 Y93 X123 X193 X293
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Y=ot Pxgtu  (1.8)
Vector form Eq (1.8)

(o (o x )

il Lil 2i1 Kl
y = Yia X = i %oz o Xk B =
K Yir Y, _ \ Xt Kot o Xxr ) YK \ BK Y, _
Let us denote e a unit vector and u, the vector of errors
SRR
eo| 1| uo| M
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1.10 Error component model m

Vi = ot Bx tu (1.8)

here
u, 1s an error term over times (t) and individuals (1)
U =05 T A g
Eq. (1.8) can rewrite as

Yie = ot Xt oy A g (1.9)
Casel.y, =0t [’x,+a +¢,

Case2.y. =at [’x, +A +eg,

Case3.y,=atf’x, tao +A +eg,
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1.10.1 Pooled Ordinary Least Square (Pooled OLS) m

Yie = 0 T o + Bx; + g (1.10)

Assumption. Both slope and intercept coefficients are the same
Pre Eq. (1.10) as
Yie = o T B+ g (1.11)

This model (1.11) is called as Pooled Ordinary Least Square
1.10.2 Fix Effect Model (FEM) & Random Effect Model (REM)

Yie = Ot ot Bt g (1.10)
In Eq. (1.10), a. 1s called a “random effect” when it is treated as a
random variable and a “fix effect” when it 1s treated as a parameter to

be estimated for each cross section observation 1.
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1.10.2 Fix Effect Model (FEM) & Random Effect Model (REl\/m

Yie = 0o T o5 + Bx;+ g (1.10)

In Eq. (1.10) the term “random effect” 1s also synonymous with zero
correlation between the observed explanatory variables and the
unobservered (random) effect o,

Cov(a, ,x, ) =0
In Eq. (1.10) , the term fix effect” 1s allow for arbitrary correlation
between the unobserverd effect a. and the observed explanatory

variables Xx;,

Cov(a, ,x;, ) #0
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Example 1.2 Let us consider the case of a Cobb Douglas pro

mn
function in log, as defined previously, for the case T =3 and K = 2. We

have
Yie = 0 T oy + Bk + Byny + & (1, t=1,..,3)
or in a vectorial form for a country 1 as:

y.=ea. +XP+e
(yil\(l\ (kil nil\ (8\

y, |=| 1 |a.+| k, n (BkJJr €.

1 12 12

/ \ ki3 1, ) \ i Y,
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It 1s also possible to stackle all these vectors/matrices as follows m

(Tnxl) -

L Yo )

b

b

(TnxK)

where O 1s the null vector (T, 1)

~)

e(Tan) — IN Xe =
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Y=ea+XB+e

[ x )

> 8 () =

(

1
&)
€ ),
\
o,
o,
o )
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Homework. Pre Ex. (1.2) you can arrange the stack of alme

vectors/matrix with T = 3, n=2.

Remark. You should show a way detail.
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1.11 Example (Bank profit and Risk) m
Case 1. Static Panel Model

Cha dé 1. Tdc dong cua da dang hoa thu nhdp dén loi nhudn va rii ro
cua cac Ngan hang thuong mai Viéet Nam

Profitability, = a, +a,HI REV, + a;L A, + a7, +
asASSET GRO, + a,GDP GRO,, + @, INFit + &,

Risk, = p, + p,HHI REV, + B;L A, + B,SIZE, + BSASSET GRO,,+
BsGDP GRO, + B,INF, + &,
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Case 2. Dynamic Panel Model

Cha dé 1. Tdc dong cua da dang hoa thu nhap dén loi nhudn va rul ro
cua cac Ngan hang thuong mai Viéet Nam

Profitability, = ay + a,Profitability, , + a,/H REV, + a;L A, +
a,SIZ2F, + a;ASSET GRO, + a,GDP GRO, + a,INFit + &,

Risk, = p, + p,Risk,, + p,HHI REV, + p;,L A, + p,SIZE, +
B-ASSET GRO,+ p,GDP GRO,, + B,INF,, + &,
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Chapter 2

POOLED ODINARY LEAST SQUARE
(POOLED OLS)
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2.1 Pooled Ordinary Least Square (Pooled OLS) E
yi =0+ pBx,+ g (1.10)

In this model, both slope and intercept coefficients are the same

Notes. Pooled OLS does not mention the change of observation
explanatory variables in both times (t=1,..,T) and cross-section unit (1
=1,...,n) that can affect to the role of the observed explanatory variables.
Example 2.1 Let us consider the case of a Cobb Douglas production
function 1n log by Pooled OLS, as defined previously, for the case T = 3
,K =2 and sample size (n = 2). We have

Yit — Uy B’Xit T 8it. (19 t219"93 )
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3x1

yi:oc+Xi[3+8i (1=1,2)

\

X

X

X

11l

112

113

)

X2i1

X2i2

X2i3 )

3x2

3

|

B
B

1

2

J

2x1

It 1s also possible to stackle all these vectors/matrices as follows

/

\
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\

o+

.

X111

X112

X113

X121

X122

X123

X211

X212

X213

X221

X222

X 223

\

J

~
Pooled OLS
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Gia thiét 1. Gia tri trung binh cia sai s6 ngau nhién (SSNN)
nghia la: E(e¢/X=x,) =0

Gia thiét 2. Phuong sai ciia cac SSNN bing nhau, nghia 1a:

Var(e/X= x,) = ¢?

Gia thiét 3. Cac SSNN khong twong quan vdi nhau, Cov(g;, ¢)=0

Gia thiét 4. Cac SSNN va bién giai thich (X)) khong tuong quan véi
nhau, nghia la: Cov(g; , X, ) =0

Gia thiét 5. Cac bién giai thich (X, ..., X,) doc lap tuyén tinh
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Homework. Using file “Data Chl.xlsx’ to run the following mo

Profitability, =a, +a,Hl REV, + al A, + Q’4f/g+

a;ASSET GRO, + a,GDP _GRO,, + a,INFit + &,

by applying Pooled OLS and answer these questions.

(1) Test significance of parameters ahead of variables

(2) Test all hypotheses to ensure the result running by Pooled OLS is
unbiased.

(3) Explain the significance of the explanatory variables that our

p_value are accept
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Chapter 3
Fix Effect Model (FEM)
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Objectives
(1) Introduce about Fix Effect Model

(2) Estimates the slope paramaters in FEM by Within Estimator, Between
Estimator

(3) Estimates FEM by Least Square Dummy Variables (LSDV) method
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3.1 Introduce about FEM
Notations

Let us denote

(o (o x )

il 1,1,1 21l Kil

Y. X.. X,. eee X
Yi — 12 ,X — 1i2 2i2 Ki2

\ Xt Kor o Kxr )

\2
k T Tx1 TxK
Let us denote e a unit vector and ¢, the vector of errors

(Y (e

1 3
e = e =

1

Mr U_KHOA TOAN KINH T \ 1 )Txl \ giT )
Tx1

Kx1
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We consider the fix effect model:

yi =% teo; + XiBtg (i=1,.,n)  (3.1) m

where

. 1s assumed to be a constant term or have correlation with the explanatory

variables

Assumption 3.1 The error term ¢, are 1.1.d (Vit) with:

* E(g)=0

* E (g6, =0’ whent=sand =0 ift #s or E(g¢’,) = 62 I; here I denotes
the identity matrix (T,T)

* E (g8, =0,Vi#]j, V(ts), or E(ge ;)= O here 0} denotes the identity
matrix (T,T)

Theorem 3.1 Under assumption (3.1), OLS estimator of parameters () 1s

tH& ‘best 1thedl Unbiased estimator (BLUE) 6/6/2022



3.2 Estimates the slope paramaters n

Case 1. Single regression

Method 1. Within Estimator
y,=eo,+ XPB+e (1=1,.,n) (3.1)
Yie = 0 T X; Pt & (Vit) 3.1
Taking mean of this equation (3.1) over time for each cross section unit 1,
we have

;i: oL -I—X_iB-I-S_i (3.2)

Again by taking average Eq. (3.2) across individuals, we have

y = a+xBre (33
Subtracting Eq. (3.2) from Eq. (3.1) for each t to get

(yit—yi): B(Xit—Xi)+(8it—8_i) (3.4)
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Remark. (3.4) can be estimated by applying OLS, also calling t‘kﬂne
“Within Estimator”

~w SY a
B = Swy ;(3.5) RSS"=S" -B S

Method 2. Between estimator (BE)
Subtracting (3.2) from (3.3) for each t to get

(vi-v.)= B(x;—x ) +(s—e)  (3.6)
Between estimation (3.6) by OLS

~B Sfy

Example 3.1 Using file “Data_ChiX.Xlsx” to run the following model
Profitability, = a, ta,/H! REV, + &,
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Remark. OLS estimates by Pooled OLS can be looked me

weight sum of within estimates and between estimates

~ Pooled OLS E;OIZT way + Sfy AW AB
ﬁ = SPOOIZT = ST :B FXX +B FXX
XX XX

Case 2. Multiple regression

Method 1. Within estimation

y, =0 +x, B+ &, (3.8)
here
- B=0B Py s B s
- X = (X Xoip <o Xiir)s

- «; 1s a scalar intercepts representing the unobserved effects which are

W USERIECGVER fime; 6/6/2022



- The error term, g;,, represents the effects of omitted vari

that will change across the individual units and time periods.
Assumption. g is not uncorrelate with x;, and &, ~ N(0, 62,)

In vector form, (3.8) can expressed for unit i as

(oY Ca ) (e Mg ) (o)

211 kil
Yia _ o 4 X %o o Xy Bz 4 €
\ Yir ) K X ) \ Xyt Xoir o0 Rir )K Bk ) \ Cir )
Or,
y.=eo. +XP+e (3.9)

ei1savectorofoderT,e’=(1,1, ...,1)
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1
Set Q=1 —¥ee'
Pre multiplying Eq. (3.9) by Q, we have

Qyi = Qeq; + QX+ Qg;

Now,
SN ( \
T T T | yﬂ\ y. -y
] ] ] —
( 1) —— 1-= —— Y, y,—y
=] ——ee'|v. = i2 — i2 i
Qy. LT - Jyl T T T
B N B RN T (A
. T T T )

Eq. (3.9) can show that Qe =0 — Qy, = QX+ Qe; (3.10)
We can apply OLS to find § parameter of Eq. (3.10)

Mr U_KHOA TO 6/6/2022



—~ N -1

By =3((0x (@) (0x) (@x)= X (xox ) (xov,) [l

=1 =1

For all cross section units N and over time T, Eq. (3.10) can be

expressed 1n the following matrix form:

QY =QDa + QXB+ Qe = QXP+ Qe (3.12)

Here,
() o o) (x) (g
Y: y2 D: O Cc O X: X2 e — 82
\yN) \OOC) KXN) \SN)

The OLS obtained from Eq. (3.12) 1s
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B S

B, =[ (@x) (%) Jlox) (@v)=(xax) (xav) [

- i(X}QXi)_I (XQv,) (3.13)

Substituting (3.13) into (3.12)

N 1

By =(X'QX) (X'QY)=(X'QX)" (X'Q(xB +¢))
=B+(X'QX) X'Qe  (3.14)

-1

NN N

Therefore, E(BW) =3; Var(BW) = Gi _iX;QXi = Gi (X'QX)_I
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Pre Example 3.1 With model m
ROAA=1{(HHI, L A, SIZE, ASSET GRO, GDP, INF) + ¢

Requirement:

- The within estimates by OLS

- The between estimates by OLS

Remark. The within estiamates can also obtained by panel
regression by using xtre;g> command in Stata with option fixed

efects denoting by fe
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3.3 Least Squares Dummy Variable (LSDV) Regression ﬂ

Vi = 0; t X Bt g

(oY La ) s xx Mop ) (o)

il i 1il 211 kil

Yia _ o 4 X %oip o Xy Bz 4 €
K Yir ) \ o J \ Xt Xair 0 Xir /K Bk ) \ Cir )
Or,
y.=eo. +XP+e (3.9)

In vector form, for all cross section units , Eq. (3.9) can be

expressed as
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\ Yir )

Tx1

\

)

1)

Tx1

(

lil

1i2

1iT

Eq.reducesto Y=o0'D+ X +¢

21l

212

21T

X it )

TxK

/gﬂ\
8i2
&t )

Here, D 1s the NT x N matrix for dummy regressor and can be

expressed as D = [®er
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Kronecker product AQ B of two matrices A = (8;)ym and B :E
(b1 18 defined by

(aﬁiaJBH.amB\
a,B a B .. a, B

AXB=

a B a B .. a B
\ nl n2 nm
nn, Xxmm

(A®B)':A'®B'
(A®B) =A"®B"
(A®B)(C®D):AC®BD
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Assumption 3.1 The error term ¢ are 1.1.d (V1t) with: m
* E(g)=0

* E(g,e,) =0’ whent=sand=0ift+#s or E(ge,) = 6% I; here I;
denotes the 1dentity matrix (T,T)

* E (g8, =0,V i#], V(ts), or E(gg;)= O here 01 denotes the
identity matrix (T,T)

Theorem 3.1 Under assumption (3.1), OLS estimator of

parameters (J3) 1s the best linear unbiased estimator (BLUE)
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The OLS estimator of a. and 3 are obtained by minmising -

Zs Z (y; —ea, —Xi[i)'(yi —ea;, - X,B)  (3.15)

1=1

Taking partial derivates Eq. (3.15) with respect to o. and [} setting them to

zero, we have

g =y,~x B

N T N _ N T N _ S
_ _ _Xy
BLSDV — ZZ(Xn _Xi) (Xit _Xi) ZZ(Xn _Xi) (yit N yi) — gV
Pre Example (3.1) With model
ROAA={(HHI, L A, SIZE, ASSET GRO, GDP, INF) +¢&  ¢/s/2022




Remark. There are too many parameters in the fixed effects moﬂd
the loss of degrees of freedom can be avoided if the a. can be assumed
random

Homework. With three research include:

1. Grunfeld Investment Equation (p.21)

2. Gasoline Demand (p.23)

3. Public Capital Productivity (p.25)

a) Estimate parameters ahead of the explanatory variables in those study
by Within estimator, Between estimator, LSDV and FEM by command
xtreg.

b) Comparing results receiving from those models

c) Explanatory about a. parameters in method LSDV

. d 6/6/2022
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Chapter 4
Random effect model (REM)
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Objectives
(1) Introduce about Random Effect Model

(2) Estimates the slope paramaters in FEM by Within Estimator, Between
Estimator

(3) Estimates FEM by Least Square Dummy Variables (LSDV) method
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Notes. There are too many parameters in the fixed effects model ﬂe
loss of degrees of freedom can be avoided if the o, can be assumed
random

4.1 Introduce Random effect model

y. = X p+o +u,  i=LN;t=LT (4.1)
Here,
o', is assumed to be random

If the individual effects o, are supposed to have non zero mean, with
E (a")= oy
Then we can define cross section units effects o= a,+ a,

Pre Eq. (4.1) y, = x B+0,+0o. +u =0, + x p+e
%/_/

€
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4.1.1 The assumptions on the components of errors m
About o,

E(oci)zO, ,V(oci):E(oc.z):Gi, ,E(ocixit)zO, ,E(ociocj)zO

1

About u.

it
E(uit) =0, ,V(uit) = E(ui) = Gi, ,E(uitujs) =0 for 1#j and t#s
The components of the error are not correlated

E (a.u,) =0
Remark. The o,are independent of the error term u,, and the regressors
X;, for all i and t
4.1.2 Mean and variance of errors

The mean and variance of the component errors are

E\(@_ﬁH))ﬁcQN Klul-l\é'(git) — V(yn) — Gi + 6121 6/6/2022



The covariance of the composite error,
Cov (glt, JS) E(glt ): E((l{" uit) (aj—i_ ujs)
= E (o404 + 1y 0+ 0 U + uyty)

Or

Case 1. Cov (g &) =0, + 0% Vi=j,t=s

Case 2. Cov (g g;,) =0, Vi=],t#s

Case 3. Cov (g, &) =0 V1#],t#s
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For cross section unit 1, Eq. (4.1) can be written as m

( A
4 \ [ \| & [ A
Yii 1 i Zan o A B it
1
yi2 — 1 Xliz X2i2 inz + i2
| B2
X Yir )\ l Xt Xor o Xyt y B \ €t )
. ~ J o )\f/ JK k / . /
yl X %/_/

SY=EXYE | R
The variance- covariance matrix of ¢, (for individual 1) 1s
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Y €18 o Ey8yp
2
—E €ir%i1 € e S8y
c...E €...& 82
K iT®i1 iT®i2 iT )/
2 2 2 2
( O +0 @) O \
(00 u (00 (00
2 2 2 2
O O +0O )
— (00 (00 u (00
2 2 2 2
\ Ga Ga Ga+(5u )

(1 ) ]

—U=0c’l.+0°ce =c°| Q+—ee |+ Toc* —ee'
u T o ULQ T J OLT

=G’ + o’ +To’ )P (4.2)
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here P = %ee' = e(e'e)_le' =1 -Q

(42)=> U = iz(Q +0P)  (4.3)

Gu
2
G
where 0=-——"— (4.4)
(Gu—I—TGG)
1

P (4.5)

1
Therefore, U "> =—Q+
G

\/(0121 —I—TGi)

Or, U= 1( : |
r, = LQ+P\/( J (4.6)

o) Gi-l—TGi)

u

And |U

= Gi(T_l) (Gi + Tcri) (4.7)
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By taking all cross section units in the sample, the variance - covam
matrix of the error term (¢) will be of order NT x NT

(U o0 .. 0

Bec )=E| 0 U - O

e
=U®I, =c’(I,®1 )+c.(J,®1,)=Q (4.8)

where JT =ee'
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4.2 GLS estimation

Idea. The generalised least squares (GLS) is used in estimafing a
random effects model when U is known.

Suppose that the variance — covariance matrix (U) 1s known

Pre multiply Eq. (4.1) by U2 to get

Uy =U X y+U "%,

oy =Xy+e (4.9)

Where,

Beje") = E[(U‘”zei)(U‘”zei )} =U"E(eg, U™ =1, (4.10)
Homework. Proving why reason Eq. (4.10) equal with [,
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With Eq. (4.9) we can apply OLS to estimate parameter (y)

The GLS estimators of y are
N | Iy |

= (2 Xi*Xf] Y Xy (4.11)
1=1 =1

or

~ N . ~\' N
yGLS=(ZXiU—1Xij Y XUy, (4.12)
i=1

1=1

<>

or

e

~" ~ -1 ~"
1. =(%ax) (Ray) (19
Eq. (4.12) can be written in expanded form as
~1
Eq. (4.12)=(Sy, +0S%, ) (Sy +0S% ) (4.13)
Homework. Expanding detail (4.12) to finding why (4.12) can similar %/210;2)
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Remark.

- 1f0 =1, then GLS estimator is equivalent to OLS pooled estimeg

- If 0 =0, then GLS estimator will be equal to LSDV

- The parameter 0 measures the weight given to between-group
variation.

- If U is unknown, we can use a two-step GLS estimation known with
name 1s called FGLS (Feasible Generalized Least Squares)

4.3 FGLS estimator

Note. When U is unknown as means as ¢?, & 6%, are unidentifed. We

can use two-step GLS estimation known as FGLS

Step 1. We estimate the “within” estimation and “between” estimation

model to.find.qut 662022



- N(T-1)-K
and
N _ o 2
~2 Z(yi_yxij 1 ~2
Go == ——o0, (4.15)
N-K T

The 0%, & o2, are obtained from the “between ” effect estimation, the

“within” effect estimation, etc.

Then, we have to caculate

~2
~-1/2 1 o
U :A—Q+P (Az Az)

(511 \V (511_*_’1?(5(x
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Step 2. We have to estimate the following model:

~-1/2 ~=1/2 ~— ~-=1/2

U y=U Xy+U & (4.17)
4.4 Testing of Hypotheses

Introduction. In a panel regression model, either fixed or random effect
is an issue of unobserved variables measuring heterogeneity across the
entities which renders the bias in pooled regression estimation.
4.4.1 Measuring of Goodness Fit
Panel data can be utilities to calculate within-entity variation (R2y,) ,
between-entity variation (R?; ) and overall variation (R?).
Option 1. Testing for Pooled Regression

y.=at+ XB+e (1=1,.,n)
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Pre Example (3.1) with model
ROAA=1{(HHI,L A, SIZE, ASSET GRO, GDP, INF) + ¢
Option 2. Testing for Fix Effects

y.=ea. + Xpt+e (1=1,.,n)
Method 1. Fix effects model 1s only valid when we could test the joint
significance of the dummies by:
Hy:a,=a,=...= oy =0
Hi:a, #0
The F test 1s calculated by the following formular:
(g';_i;g ]/(N_ )
F = — ~F

(N-1),(NT-K-1)

N VaN VaN
Mr U_KHOA TOAN KINH TE Z eigi / (NT -K- 1) 6/6/2022

1=1




Pre Example (3.1) With model
ROAA=f(HHI, L A, SIZE, ASSET GRO, GDP, INF) + ¢

Method 2. F test can alse check by xtreg with option fe 1n Stata

Option 3. Testing of Random Effects
Y, = X Bro,+o+u =0, + x,Bre,
H/_/
H,: 62,=0 i
H,;:6%, >0
To test this hypothesis, we can use Lagrange Multiplier (LM) test

developed by Bresuch and Pagan (1980)

(M NT I e (INAC?AJT)E
2(T_1) €€
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Pre Example (3.1) With model
ROAA=f(HHI, L A, SIZE, ASSET GRO, GDP, INF) + ¢

4.4.2 Fix or Random effect: Hausman Test

y,=ea. + XP+e (1=1,.,n) (FE)

Yi = XitB TO,+0, +u, =0+ XitB TE,
H/_/

Hy: E (g X;)=0 "

Hi: E (g X;) # 0

{(GLS=(§<'Q§<)_I(§<'Qy) y+(XQX) ( ) (4.13)

éﬁGLS:(;('Q;()I(;('Qy) B+(XQX) ( ) (4.18)

b 2XQx).(Xov)=pe(X0x) (Xe) iy



Using this fact, we have

B —p-= (i'gi)_l (;('8) (4.18)
B —PB-= ()N('Qi)_l (ie) (3.13)

Therefore,

Ve

With q=p_ —B_
Then E(q): 0; Var(q)z Var(BGLS) Var([AS )

A\

COV(ﬁGLS,q)=O (p.66)

Var(q)zVar(BG ) Var([g ) Var(B ) Cov([g ’BGLS) (p.67)

W

The test statistic i1s

Hausman test (H) = q’ (Var(q))'q
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Chapter 5
Dynamic Panel Model
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Objectives

(1) Introduce about Dynamic Panel Model
(2) Panel Unit Root Test

3)
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5.1 Introduction Eﬁ
Linear dynamic panel data models include lag dependent varia S
covariates along with the unobserved effects, fixed or random, and

€X0genous regressor

p p
Yii = Yo +Zyth—j +x,p+o; +uy = zyjyt—j +x,p+o; +u,  (5.1)
= =1

Notes: The presence of lagged dependent variable as a regressor
incorporates the entire history of it, and any impact of x; on Y, is
conditioned on this history.

We consider a dynamic panel model, in the sense that it contains (at

least) one lagged variables. For simplicity, let us consider

— b *
Mr U_KHOA TOAN KINH TE Yit = leit—1+B itXit _Hxi T Uiy (52)
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Yie = V1Yir TR X T oy Huy (5.2)
Eq. (5.2) requires that |y | <1

Yie = Vivietoy + W= Yo TV Vit oty (5.3)

Assumptions on random disturbance are the following:

About a.,
E(o,)=0, ,V(oci):E(ocf)zci, ,E(a,x,)=0, ,E(ociocj):O
About u

it?

E(u,)=0, ,V(uit):E(ui)zcs2 ,E(uitujs)zo for 1#) and t#s
E(uit /Yit—l):()

E(o,/y,,)#0
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By setting t = 1, 2,... and so on, the autoregressive process

79

expressed in the following way:

Vi =Yo7V + 0+

Vo = Vo + 7V T +uy =y, + o+ 7, (Vo + V1V + &+ )+
S R 7 R A o O A PN A T T

............. .

y, = 7/0(1+7/1 +...+7/f‘1)+al.(1+7/1 +...+7/f‘1)+7/fyl.0 +Zy{ult_
Or "

-1 (-1 -1
_ J J t J
Vit _7/027/1 +aiZ7/1 +7/1yz'o+z7/1uzr—
=0 =0 =0

Therefore

-2
Vir 70271 +a, Z% Y+ D ViU

Mr U_KHOA T@AN KINH TE j=0 6/6/2022
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For large t,

1 1
E yit/ai =7 T
( ) 01_7/1 1—y,
2
O
Viv. /o )= £
(ylt al) 1_7/12

5.2 Fixed and Random Effects Estimation

Yie=Yo T V1Yi T 4wy (5.3)
Remark: One possible cause for biasedness is the presence of the
unknown individual effects o, which creates a correlation between the

explanatory variables and the residuals
(yit _yi) =7 (yit—l _yi,—1)+uir — Ui
Notes: ( Vig— ;i,—l ) will be correlated (uit —u; )
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(yit _;i) =71 Vi — ;i,—l TU, é,ﬂ m

—_—
depen on past value of u,, depen on past value of u;,

The within estimator or fix effects estimator 1s

>3 (3, -7 (3 -

Vi)

VaN

Vipp = —
IFE ii(yﬂl—yi,l)z
i=l t=
ii(yzt—l_;i,q)(uit ;z)
=y, + i=1_t

Problem: Fixed effects the within transformation and LSDYV produce

biased estimates



N T . _

~ ZZ(yit—l_yi,—l)(uit_ui)/NT u
Vige =V T

ZZ(yit—l_

Theorem. (Weak law of large numbers, Khinchine)

yi,—l)z / NT

If {X. } for1=1,..., m is a sequence of 1.1.d random variables with E(X. )

= 1 < oo, then the sample mean coverges 1n probability to u:

1 & 1
;Z}X,- LE(Xi):ﬂépllm_in:E(Xi):ﬂ

m—+oo M i=1



We have

. 1 N T . 1 N T —
= ]Piflfjﬁ;zyﬂ-ﬂn _f]zllg}ﬁzzyit—lui

i=l t=]

N N,
. 1 N T __ . 1 N T .  _
RPN S DRI
N v RN v y
1 N T
N1 = plim_Zzyit—luit — E(yit—luit) =0
N—>+o0 NT i=1 t=1

R s A — I
N, :[;Eg}WZZyit_lui :pllmﬁéuizyit—l

=1 =1 N—+0 =1

1 N _ 1 N _ _
=pllm— > w,Ty. .= plim— ) u;y.
l]3—>+oo NT ; yl’_l l]\?’—>+°° N; yl,_l



N m

S e S S =
N, =plim—"D )y, u, = p th;yi,_lZu,f =plim—=) y, u,

i=l t= N —+00 — j=
. lleTl__ . 1 N_tl_ . lNi_
Vo= PUm T 2 Vit = DI T 2 it = PG 2 i
1y — - S
];Egﬁ;;(yir—l _yi,—l)(uit —u,-) = _]Pi[}}g_;uiyi,—l

1 N 1 N 1 N _ _
O—plim—Z:uiy,.,_1 —plimﬁzuiym +plim_zu’yi,—l
i=l1

N—+o0 i=1 N—+o© N>+ [N i=1



), —ui)/ NT
Y 1)(ut u) =71_p1imii;i;i,m

=1
N T |
ZZ(yit—l — Vi )2 / NT Nowo N 5

If this plim 1s not null, then the y, ;; estimator 1s biased when N tends to

infinity and T 1s fixed

Fact. If T also tends to infinity, then the numerator converges to zero
Pre Example (3.1) With model
ROAA = {(L.ROAA, HHI, L A, SIZE, ASSET GRO, GDP, INF)

+ ¢
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5.3 Intrustment Variable Estiamtor
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The problem of estimation involved in the fixed effects dynamic rn

can also be looked into by expressing Eq. (5.3) in vector form:

(5.4)

YimYo€ TV 1Yi T o€ty

/yﬂ\ (1)
Vi , 1

\ViT )1 1)

Tx1

s Vi1 =

(J’io\

Vi

\JVir-1

Tx1

/uﬂ\

U,

\Uir

Tx1

Pre-multiplying both sides of (5.4) by Q, the model 1s transformed as
Qy=v,Qe +v,Qy; 1+ a; Qe+ Qu,
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~ N

VirE = Z( Oy )Z]i]:y;,—lez'

=1
Or

A N ' N '
VieE =N T Z(yi,—lei,—l )Z Y:19u,
i=l1 =1

Now, 7,z will be unbiased and consistent when

phm—Zy LQu, = (y;,—leia—l):

N —+00 N
But
/ull _u =\
E(y;,—lei,—l) = E(yl,o Vig e yi,T—l) U, — U,
\Uir _;i/



This is because n

T 7-2 T
E(yi,tl (uit _leuitij = [Z 7/1]ui,t—1—j (uit _leuitjj # 0
t=1 j=0 t=1




5.1 Introduction ﬂ
Linear dynamic panel data models include lag depe t
variables as covariates along with the unobserved effects,

fixed or random, and exogenous regressors

We ccg}?tsi:de%i_ld_y%?gnlig( iﬁﬁr_}e& irgq&lfli 1@ the_l_ sgt;Be -I—t&?t -I—i{l itc:ontains (at

it—1
least) one lagged variables. For simplicity, let us consider

— 9
Yie = Vi1 0o Fouy 75X+ uy,

2 Ilﬁy(i{(:hlgpj the autoregressiye fAR) panel data model
Gorsider=the-simple the AR(1) model

Vit = Vi1 T o + U;¢ (5.1)
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5.3 Panel Unit Root Test
hh
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