A R e A AR
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1 mEWREE

FXTEAREE, EEIRATT LA R A (pooled model)
Vi =XyB+a+u

X X BRI, o ZHE. IR OLS ik, A% g 1Y OLS fhit2 BLUE .
WACEUL. A AR LA OO B A R A3 0 o

HYRE [ B RO (RS T MR,
Vie = XuB+a; +uy

X X, TAEEHEIN, o BARDREENAZ I BT LS X A5G FATATLME o« SRR
SR Tl
a2 ANV AR, (AL T AR

Vie = XyB + (@ +0v;) +uy

FIRE, X, A HEEON, o SEECH, o, BAATNIFENAS E, R v; F1 X, J7. B OLS
it S BRI AR TR, (HIRFEIR T v +w,, PULEEHNEHEX, F3 OLS it NEHx
HR . @ GLS % B il « HE71d 1T

2 EEMMRE

[ B RS i T B BN B8R . AR SRR S B B i o A T RO AT LU LT 5

RNIREMETEE (least squares dummy variable/LSDV)
RHEEAMA i, [ USRI AT LA R

yi=Xp+i+u
A d; NAERET AR | BEAE S, D =(d, ... d,), W ER AR A PUS SRR TR

y=Xp+Da+u
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i OLS il i A A 7] LATS 2] R A E Y AR A 1. XA LSDV, X R 19 R £ it
FHOAE Brspy e

FitiE (demeaning) FIHAEITE (within-group estimator)

WRAMEK (Fd) E2, MENAERSE L, 118 OLS it Ao 2 B (AR
A FWL EH, B D 53 nMdith y 71 X 1552, IR)a IR ZERBIEE Tl it StRB/ M
Fiito 4 Mp=1-DD'D)"' DT, MAKHIA N

Buithin = X "MpX)"'XTMpy

HT Mpz T4 z PR WIMET R 2, — 2, A TERTHE, UREANZESR, FIHK
AT RN A TR .

3 # R PHIGEREERE

HIE%R pln AN . XEAN TN S BRRYE R,
library(tidyverse)
library(plm)

AR e s il it 2
datal <- tibble(
group = c(1, 1, 1, 2, 2, 3, 3, 3, 4, 4, 4),
x = c(0, 8, 17, 10, 16, 4, 11, 5, 18, 5, 2),
y = c(-5, 23, 44, 29, 26, 17, 17, 31, 50, 26, 17)
)
datal

## # A tibble: 11 x 3

#H# group X y
## <dbl> <dbl> <dbl>
### 1 1 0 -5
#H 2 1 8 23
## 3 1 17 44
## 4 2 10 29
# 5 2 16 26
## 6 3 4 17
## 7 3 11 17
## 8 3 5 31
# 9 4 18 50
## 10 4 26
## 11 4 17

A plm B4R AR plm () BRZCRT DAELHEAN T E RS 1 R %K
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# Within estimator
fe_fit <- plm(

y ~ X%,

data = datal,

effect = "individual", # Uit AMERL A

model = "within", # 3§ [E & 2 A

index = "group" # #{HERKNMENLTEN "group”
)

fe_fit |> summary()

## Oneway (individual) effect Within Model

##

## Call:

## plm(formula = y ~ x, data = datal, effect = "individual", model = "within",
#i# index = "group")

##

## Unbalanced Panel: n =4, T = 2-3, N = 11

#it

## Residuals:

#i# Min. 1st Qu. Median 3rd Qu. Max.
## -13.33333 -4.41667 0.66667 4.50000 12.66667
#it

## Coefficients:
## Estimate Std. Error t-value Pr(>|tl)
## x 2.00000 0.53722 3.7229 0.009819 x*xx*

## -—-

## Signif. codes: O '**x' 0.001 'xx' 0.01 'x' 0.06 '.' 0.1 ' ' 1
##

## Total Sum of Squares: 1925.8

## Residual Sum of Squares: 581.83

## R-Squared: 0.69788

## Adj. R-Squared: 0.49647
## F-statistic: 13.8596 on 1 and 6 DF, p-value: 0.0098192

x FIARBUGTHE 2.0, ARIERDY 0.537,

VEAXTHE, AE STATA R LG TR AL ) i & /2 xtreg, M https://www.stata.com/su
pport /faqs/statistics/intercept-in-fixed-effects-model/ A] HIfk 1458 AN 1 ffin. Hpxl x &%
I THENA AR TR RN R AHE, HE T 7—1 “HE0” _cons. XE/EARHE?

ARG LR RERE AT RD, STATA Rl REB AT IO TR0, B4 @ = a+v;0 RS
JEGERILALNE (=3, d) . WHIBRTTEREARZ RIS (ELETH 22RO o, (AR
W ERFEE—TRRCRH . BIORE o HEK4E v)), (HZ STATA MR [ REEHEON, [


https://www.stata.com/support/faqs/statistics/intercept-in-fixed-effects-model/
https://www.stata.com/support/faqs/statistics/intercept-in-fixed-effects-model/
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. xtset group
Panel variable: group (unbalanced)

. Xtreg y x, fe

Fixed-effects (within) regression Number of obs = 11
Group variable: group Number of groups = 4
R-squared: Obs per group:
Within = 0.6979 min = 2
Between = 0.1716 avg = 2.8
Overall = 0.6146 max = 3
F(1,6) = 13.86
corr(u i, Xb) = -0.1939 Prob > F = 0.0098
y Coefficient Std. err. t P>|t| [95% conf. interval]
X 2 .5372223 3.72 0.010 .6854644 3.314536
_cons 7.545455 5.549554 1.36 0.223 -6.033816 21.12472
sigma u 5.6213466
sigma_e 9.8474475
rho .24577354 (fraction of variance due to u i)
F test that all u_i=0: F(3, 6) = 0.83 Prob > F = 0.5241

4 1: STATA Hf xtreg fir &L A LR

NN T BRI A4
Z v;=0
i=1

XS] AR R LA (A, (R A 5 AR AN b B R o A ANAR 22 ) 2 AR T A0 ] i R R A
At 2 SRR XA “RE B THE, R IFBOAARE A Lo XAFTIE “HEI bR
ERAMRRE ERU A EIE AT

lZaile(a+ui)=a+lZvi=a
s i i
T B0 T AN B R [ 8 R A AR BN THE, 180 Greene (2018, p.438) 1] Table
11.9, FEME BRI, AMTEA 7 A A 2 AR R R A MR . FATHY H B2 5
B AN LU R 3R 77 A B A A2 S o e A b R R M, TRt R SR 2 A4 A (B TRD)
RV RIAL, FerF IR AR B A THE

S 2 b0 S NN P: LW B ey 13 <ty el (S el 7 N 1 R 1 = 12 1 N By 5= 1 v
ROVARTRTCIEAG T BT R 5 (BONEAESESRILEE) . T2 T AT 5 sl 6 & A2 ARV H
M. Greene (2018) [ Table 11.9 Hht ] DIALELE XM A

9% STATA fEBERHURA T 8000 OIE S AL NIRRT . (LA ETEE A P
FEARAET A, AR A 200 R BT AE A5 RS 7 within_intercept () ER%LLA
HHEER] STATA HHEIRY “HB0007 Al 8 R bR R o
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TABLE 11.9 Wage Equation Estimated by OLS and LSDV

Pooled OLS Fixed Effects LSDV

Least Squares  Standard Clustered Std. Fixed Effects Standard Robust Std.
Variable  Estimate Error Error Estimates Error Error
R 0.42861 0.90724
Constant 5.25112 0.07129 0.12355 — — —
Exp 0.00401 0.00216 0.00408 0.11321 0.00247 0.00438
ExpSq —0.00067 0.00005 0.00009 —0.00042 0.00006 0.00009
Wks 0.00422 0.00108 0.00154 0.00084 0.00060 0.00094
Occ —0.14001 0.01466 0.02724 —0.02148 0.01379 0.02053
Ind 0.04679 0.01179 0.02366 0.01921 0.01545 0.02451
South —0.05564 0.01253 0.02616 —0.00186 0.03431 0.09650
SMSA 0.15167 0.01207 0.02410 —0.04247 0.01944 0.03186
MS 0.04845 0.02057 0.04094 —0.02973 0.01899 0.02904
Union 0.09263 0.01280 0.02367 0.03278 0.01493 0.02709
Ed 0.05670 0.00261 0.00556 — — —
Fem —0.36779 0.02510 0.04557 — — —
Bik —0.16694 0.02204 0.04433 — — —

2: Greene (2018, p.438) 1] Table 11.9

fe_fit |> fixef() # MBI HMN it SRBUMAB R B it (E

#it 1 2 3 4
## 4.0000 1.5000 8.3333 14.3333

fe_fit |> within_intercept() # it#& STATA ¥t “& B0 it EFAr R

## (overall_intercept)
#it 7.545455
## attr(,"se")

## [1] 5.549554

fe fit |>
within_intercept(return.model = TRUE) |>
summary () # Ajn “return.model = TRUE™ ¥t VLR 23 fHit4R

## Pooling Model

#i#

## Call:

## plm(formula = form, data = data, model = "pooling")
#i#

## Unbalanced Panel: n =4, T = 2-3, N = 11

##
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## Residuals:

#i# Min. 1st Qu. Median 3rd Qu. Max.
## -13.33333 -4.41667 0.66667 4.50000 12.66667
##

## Coefficients:

##t Estimate Std. Error t-value Pr(>|tl)

## (Intercept) 7.54545 5.54955 1.3597 0.20703

## x 2.00000 0.53722 3.7229 0.00475 *x
## ——-

## Signif. codes: O '#%x' 0.001 'xx' 0.01 'x' 0.05 '.' 0.1 ' ' 1
##

## Total Sum of Squares: 1925.8

## Residual Sum of Squares: 581.83

## R-Squared: 0.69788

## Adj. R-Squared: 0.66431
## F-statistic: 13.8596 on 1 and 9 DF, p-value: 0.0047496

P v AFShisin E AL 158 LSDV fhiHE, LA Fshgefrruof it & OLS flitH{E. M
NHERYEASER AT LA, XM T HEASE A T EA R B2, T R A R
BRI HIRAY -

# LSDV estimator

dummy_fit <- Im(y ~ x + factor(group) - 1, data = datal)
dummy_fit |> summary()

##

## Call:

## 1m(formula = y ~ x + factor(group) - 1, data = datal)
##

## Residuals:

## Min 1Q Median 3Q Max

## -13.3333 -4.4167 0.6667 4.5000 12.6667

##

## Coefficients:

## Estimate Std. Error t value Pr(>|tl|)

## x 2.0000 0.5372 3.723 0.00982 *x*
## factor(group)1 4.0000 7.2365 0.5563 0.60040

## factor(group)?2 1.5000 9.8621 0.152 0.88410

## factor(group)3  8.3333 6.7195 1.240 0.26121

## factor(group)4 14.3333 7.2365 1.981 0.09493 .
## ——-

## Signif. codes: O '**x' 0.001 'xx' 0.01 'x' 0.06 '.' 0.1 ' ' 1
##

## Residual standard error: 9.847 on 6 degrees of freedom



3 & R ¥abammEIEER

## Multiple R-squared: 0.9354, Adjusted R-squared: 0.8816
## F-statistic: 17.38 on 5 and 6 DF, p-value: 0.00164

# Demeaned estimator
data2 <- datal |>
group_by(group) |>

mutate(

x_demeaned = x - mean(x),

y_demeaned

)
data2

y - mean(y)

## # A tibble: 11 x 5
## # Groups: group [4]

#i# group X y x_demeaned y_demeaned
## <dbl> <dbl> <dbl> <dbl> <dbl>
# 1 1 0 -5 -8.33 -25.7
# 2 1 8 23 -0.333 2.33
# 3 1 17 44 8.67 23.3
# 4 2 10 29 -3 1.5
## 5 2 16 26 3 -1.5
# 6 3 4 17 -2.67 -4.67
# 7 3 11 17 4.33 -4.67
# 8 3 5 31 -1.67 9.33
# 9 4 18 50 9.67 19

## 10 4 5 26 -3.33 -5

# 11 4 2 17 -6.33 -14

dm_fitl <- Im(y_demeaned ~ x_demeaned - 1, data = data2)
dm_fitl |> summary()

##

## Call:

## 1m(formula = y_demeaned ~ x_demeaned - 1, data = data2)
##

## Residuals:

## Min 1Q Median 3Q Max

## -13.3333 -4.4167 0.6667 4.5000 12.6667

##

## Coefficients:

## Estimate Std. Error t value Pr(>|t])

## x_demeaned 2.0000 0.4161 4.806 0.000717 x**x

## ——-

## Signif. codes: O '**x' 0.001 'xx' 0.01 'x' 0.05 '.' 0.1

##

1
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## Residual standard error: 7.628 on 10 degrees of freedom
## Multiple R-squared: 0.6979, Adjusted R-squared: 0.6677
## F-statistic: 23.1 on 1 and 10 DF, p-value: 0.0007169

4 FIRAESSHMEHITIER

1 Stata 18 Longitudinal-Data/Panel-Data Reference Manual 11, {EZF|H nlswork #(f& (Na-
tional Longitudinal Survey of Young Women) /x| xtreg HY&IITIRE. £ R T, ZEHEH
sampleSelection ffiEfi,

library(sampleSelection)

data("nlswork") # FJH “nlswork™ ¥ iF

nls_fefit <- plm(
1n_wage ~ grade + age + I(age™2) + ttl_exp + I(ttl_exp~2) + tenure +
I(tenure™2) + factor(race == 2) + factor(not_smsa) + factor(south),
data = nlswork,
effect = "individual",
model = "within",
index = c("idcode", "year")
)

nls_fefit |> summary()

## Oneway (individual) effect Within Model

##

## Call:

## plm(formula = 1ln_wage ~ grade + age + I(age™2) + ttl_exp + I(ttl_exp~2) +
## tenure + I(tenure”2) + factor(race == 2) + factor(not_smsa) +

## factor(south), data = nlswork, effect = "individual", model = "within",
## index = c("idcode", "year"))

##

## Unbalanced Panel: n = 4697, T = 1-15, N = 28091

##

## Residuals:

## Min. 1st Qu. Median 3rd Qu. Max.

## -1.9180562 -0.1163833 0.0031468 0.1273779 3.0278371

##

## Coefficients:

## Estimate Std. Error t-value Pr(>|tl)

## age 3.5999e-02 3.3864e-03 10.6304 < 2.2e-16 **x*

## I(age™2) -7.2299e-04 5.3258e-05 -13.5753 < 2.2e-16 **x

## ttl_exp 3.3467e-02 2.9653e-03 11.2860 < 2.2e-16 ***



4 AR R 5 BAE AT LA

. Xtreg ln_w grade age c.ageffc.age ttl_exp c.ttl_exp#c.ttl_exp tenure
> c.tenure#c.tenure 2.race not_smsa south, fe

note: grade omitted because of collinearity.

note: 2.race omitted because of collinearity.

Fixed-effects (within) regression Number of obs = 28,091
Group variable: idcode Number of groups = 4,697
R-squared: Obs per group:
Within = 0.1727 min = 1
Between = 0.3505 avg = 6.0
Overall = 0.2625 max = 15
F(8, 23386) = 610.12
corr(u_i, Xb) = 0.1936 Prob > F = 0.0000
1n_wage | Coefficient Std. err. t P>t [95% conf. interval]
grade 0 (omitted)
age .0359987 .0033864 10.63 0.000 .0293611 .0426362
c.agefc.age =-.000723 .0000533 -13.58 0.000 -.0008274 -.0006186
ttl_exp . 0334668 . 0029653 11.29 0.000 .0276545 .039279
c.ttl_exp#
c.ttl_exp .0002163  .0001277 1.65 0.090 -.0000341 .0004666
tenure .0357539 .0018487 19.34 0.000 .0321303 .0393775

c.tenure#

c.tenure -.0019701 .000125 -15.76 0.000 -.0022151 -.0017251
race
Black 0 (omitted)
not_smsa -.0880108 .0095316 -9.34 0.000 -.1076933 -.0703282
south -.0606309 .0109319 -5.565 0.000 -.0820582 -.0392036
_cons 1.03732 . 0485546 21.36 0.000 .9421496 1.13249
sigma_u .36562203
sigma_e . 29068923
rho .59946283  (fraction of variance due to u_i)
F test that all u_i=0: F(4696, 23386) = 6.65 Prob > F = 0.0000

P 3: STATA X} nlswork Kdand [l € R Al 14551



#it
#it
#i#
##
#Hit
#it
#i#
##
#Hit
#it
#i#
##
#Hit

FELL EEE R PR A2 i grade fil factor (race

AR F 5% B35 BEAT PRAR

I(ttl_exp~2) 2.1627e-04
tenure 3.5754e-02
I(tenure~2) -1.9701e-03

factor(not_smsa)l -8.9011e-02

factor(south)1 -6.0631e-02

Signif. codes: O 'xxx' 0.001 '#x' 0.01 'x' O.

Total Sum of Squares: 2388.6
Residual Sum of Squares: 1976.1
R-Squared: 0.17267
Adj. R-Squared: 0.006261

1
1

9
1

.2774e-04
.8487e-03

.5316e-03
.0932e-02

1.
19.
1.2499e-04 -15.
-9.
-5.

6931
3401
7619
3385
5462

05 '.

<
<
<
2

0.09046 .

2.2e-16
2.2e-16
2.2e-16
.951e-08

0.1 " !

F-statistic: 610.122 on 8 and 23386 DF, p-value: < 2.22e-16

R HRAL IR

nls_fefit |>

##
##
#it
#i#
##
##
#it
#i#
#i#
##
#it
#i#
##
##
#it
#i#
##
##
#it
#i#
##
#it
#it

within_intercept(return.model =

summary ()

Pooling Model

Call:

TRUE) |>

plm(formula = form, data = data, model = "pooling")

Unbalanced Panel: n = 4697, T = 1-15, N = 28091

t-value

21.
10.
-13.
11.
1.
19.
.7619
.3385

3640
6304
5753
2860
6931
3401

Max.

AN N AN A

Pr(>Itl)

2.2e-16
.2e-16
.2e-16
.2e-16

.2e-16
.2e-16
.2e-16

N N N O N NN

Residuals:

Min. 1st Qu. Median 3rd Qu.
-1.9180562 -0.1163833 0.0031468 0.1273779 3.0278371
Coefficients:

Estimate Std. Error
(Intercept) 1.0373e+00 4.8555e-02
age 3.5999e-02 3.3864e-03
I.age.2. —-7.2299e-04 5.3258e-05
ttl_exp 3.3467e-02 2.9653e-03
I.ttl_exp.2. 2.1627e-04 1.2774e-04
tenure 3.5754e-02 1.8487e-03
I.tenure.2. -1.9701e-03 1.2499e-04
factor.not_smsa.l -8.9011e-02 9.5316e-03
factor.south.1 -6.0631e-02 1.0932e-02

.5462

N A A A

.945e-08

* k%
*kk
*kk

*k k%

1

*k k%
* k%
*kk

*kk

.09046 .

* k%

*kk

*kk

*k k%

10

2) AL, RREFEILLMEERR, HE
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## Signif. codes: O '#¥x' 0.001 '*xx' 0.01 'x' 0.05 '.' 0.1 ' ' 1
##

## Total Sum of Squares: 2388.6

## Residual Sum of Squares: 1976.1

## R-Squared: 0.17267

## Adj. R-Squared: 0.17244

## F-statistic: 610.122 on 8 and 28082 DF, p-value: < 2.22e-16

5 e [E B XL A HE T & E AR EUE

ML [E ERY. (two way fixed effects) FRULEAE MR ERUY. o; FIFERN L, A [E][E E RV
& iCAE

Yie = XyB+o; + 6, +uy,
L0 [ S RS o, ] DU REAAR Bk A T, (HRREOEER 2, n DR R ET T 4
I TE] READL AR T2 R, DRI 1 SR e 6 2R, FRATIET AN n DRV ENT T — 1 M [A]RE
WA SR & AR OR RS, AH 6, M ¢ I s RTEEMER i (thugh 2 B2 A e )
REPLAE T RPN ) 2D Z RN 221E e FHUL, FRATPRIEAS I A JERFRARRL

X PRASAY i P T B i e O A Y
yn=X”ﬁ+(l+Ul+5,+u,t

N T G SE RN, ANTHESINPIA M A tE, B

n

=0 D=0
i=1

= =1

IO, FRATAT AR Al TR 5800 (S SO A D « ARSI [a] [ e R, (22
fH) . HAEMEEL R z E X

T n n
;zit’ zZ,= ;Zm E:%;

t=1 i=1 i=1t

M =

S =

Zit

~|—

Zi. =

1

SNE TR R A e (E

J’Tt:J’n_)—’i._J_’.t"‘J:’
Xi=X,-X, -X,+X

Rl LA FAURIBA OLS firiF i itp1 p
Vi = X?}ﬂ + error;,

IR At THE TSR RO e R
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X BRI AR AR FRHCME 5 o

NEA plm A Grunfeld Xt LA B i TRRIE. W LA ?Grunfeld i 1AL AU
EREAAN .

data("Grunfeld") # A “Grunfeld  #HE

gf <- as_tibble(Grunfeld)

# plm
gf_twfefit <- plm(

inv ~ value + capital,

data = gf,
effect = "twoways",
model = "within",

index = c("firm", nyearu)
)
gf_twfefit |> summary()

## Twoways effects Within Model

#it

## Call:

## plm(formula = inv ~ value + capital, data = gf, effect = "twoways",
#i# model = "within", index = c("firm", "year"))
#it

## Balanced Panel: n = 10, T = 20, N = 200

##

## Residuals:

## Min. 1st Qu. Median 3rd Qu. Max.
## -162.6094 -19.4710 -1.2669 19.1277 211.8420
##

## Coefficients:

## Estimate Std. Error t-value Pr(>|tl)

## value 0.117716 0.013751 8.5604 6.653e-15 ***
## capital 0.357916  0.022719 15.7540 < 2.2e-16 ***

# ——-

## Signif. codes: O '#¥x' 0.001 'xx' 0.01 'x' 0.05 '.' 0.1 ' ' 1
##

## Total Sum of Squares: 1615600

## Residual Sum of Squares: 452150

## R-Squared: 0.72015

## Adj. R-Squared: 0.67047
## F-statistic: 217.442 on 2 and 169 DF, p-value: < 2.22e-16
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# LSDV

gf_dummyfit <- 1m(
inv ~ value + capital + factor(firm) + factor(year) - 1,
data = gf

)

gf_dummyfit [> summary()

##

## Call:

## 1m(formula = inv ~ value + capital + factor(firm) + factor(year) -
## 1, data = gf)

##

## Residuals:

## Min 1Q Median 3Q Max

## -162.609 -19.471 -1.267 19.128 211.842

##

## Coefficients:

## Estimate Std. Error t value Pr(>|tl)

## value 0.11772 0.01375 8.560 6.65e-15 *x*x
## capital 0.35792 0.02272 15.754 < 2e-16 ***
## factor(firm)1 -86.90023 56.04663 -1.550 0.122893

## factor(firm)?2 120.15401 29.16688 4.120 5.93e-05 *x*x*
## factor(firm)3 -222.13103 28.59744 -7.768 7.37e-13 *x*x
## factor(firm)4 8.45361 20.41784 0.414 0.679377

## factor(firm)5 -92.33883 20.91106 -4.416 1.79e-05 *x**
## factor(firm)6 15.98841 19.88487 0.804 0.422498

## factor(firm)7 -35.43362 20.17003 -1.757 0.080772 .
## factor(firm)8 -19.40972  20.49076 -0.947 0.344868

## factor(firm)9 -56.68267  19.81211 -2.861 0.004756 **
## factor(firm)10 39.93689 20.40337 1.957 0.051951 .
## factor(year)1936 -19.19741 23.67586 -0.811 0.418596

## factor(year)1937 -40.69001 24.69541 -1.648 0.101277

## factor(year)1938 -39.22640 23.23594 -1.688 0.093221 .
## factor(year)1939 -69.47029 23.65607 -2.937 0.003780 **
## factor(year)1940 -44.23508 23.80979 -1.858 0.064930 .
## factor(year)1941 -18.80446 23.69400 -0.794 0.428519

## factor(year)1942 -21.13979 23.38163 -0.904 0.367219

## factor(year)1943 -42.97762 23.556287 -1.825 0.069808 .
## factor(year)1944 -43.09877 23.61020 -1.825 0.069701 .
## factor(year)1945 -55.68304 23.89562 -2.330 0.020974 *
## factor(year)1946 -31.16928 24.11598 -1.292 0.197957

## factor(year)1947 -39.39224 23.78368 -1.656 0.099522 .
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## factor(year)1948 -43.71651 23.96965 -1.824
## factor(year)1949 -73.49510 24.18292 -3.039
## factor(year)1950 -75.89611 24.34553 -3.117

## factor(year)1952 -64.63234 25.34950 -2.550
## factor(year)1953 -67.71797 26.61108 -2.545
## factor(year)1954 -93.52622 27.10786 -3.450
## -—-

## Signif. codes: O '***x' 0.001 '*x' 0.01 'x' 0.05
##

## Residual standard error: 51.72 on 169 degrees of
## Multiple R-squared: 0.9668, Adjusted R-squared:
## F-statistic: 158.8 on 31 and 169 DF, p-value: <

gf_twfefit |>

fixef (effect = "individual") |>

summary ()
## Estimate
#t 1 -86.900230
## 2 120.154010
## 3 -222.131030
## 4 8.453612
## 5 -92.338825
## 6 15.988413
## 7 -35.433620
## 8 -19.409715
## 9O -56.682674
## 10 39.936893

gf_twfefit |>
fixef (effect = "time", type = "dfirst") [>

summary ()

## Estimate
## 1936 -19.19741
## 1937 -40.69001
## 1938 -39.22640
## 1939 -69.47029
## 1940 -44.23508
## 1941 -18.80446
## 1942 -21.13979
## 1943 -42.97762
## 1944 -43.09877

0.069945 .
0.002750 **
0.002144 x*x
## factor(year)1951 -62.48091 24.86425 -2.513 0.
0
0
0

012911 =*

.011672 *
.011832 *
.000708 *x*x*

'.'0.1' 1

freedom
0.9607
2.2e-16

1

14
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## 1945 -55.68304
## 1946 -31.16928
## 1947 -39.39224
## 1948 -43.71651
## 1949 -73.49510
## 1950 -75.89611
## 1951 -62.48091
## 1952 -64.63234
## 1953 -67.71797
## 1954 -93.52622

# Demeaned
gf <- gf |>
group_by(firm) |[>
mutate (
inv_imean = mean(inv),
value_imean = mean(value),
capital_imean = mean(capital)
)
gf <- gf |>
group_by(year) |>
mutate (
inv_tmean = mean(inv),
value_tmean = mean(value),
capital_tmean = mean(capital)
)
gf <- gf |>
ungroup() |>
mutate (
inv_demeaned = inv - inv_imean - inv_tmean + mean(inv),
value_demeaned = value - value_imean - value_tmean + mean(value),

capital_demeaned = capital - capital_imean - capital_tmean + mean(capital)

gf_dmfit <- 1m(
inv_demeaned ~ value_demeaned + capital_demeaned - 1,
data = gf

)

gf_dmfit |> summary()

#i#
## Call:

## 1m(formula = inv_demeaned ~ value_demeaned + capital_demeaned -

15
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#i# 1, data = gf)

#i#

## Residuals:

## Min 1Q Median 3Q Max
## -162.609 -19.471 -1.267 19.128 211.842
#i#

## Coefficients:

#i# Estimate Std. Error t value Pr(>|tl)

## value_demeaned 0.11772 0.01270 9.266 <2e-16 **x*

## capital_demeaned 0.35792 0.02099 17.052 <2e-16 ***

## ——-

## Signif. codes: O '*x*x' 0.001 'xx' 0.01 'x' 0.05 '.' 0.1 ' ' 1
##

## Residual standard error: 47.79 on 198 degrees of freedom

## Multiple R-squared: 0.7201, Adjusted R-squared: 0.7173

## F-statistic: 254.8 on 2 and 198 DF, p-value: < 2.2e-16

TERX R R E R Al T8 R AT

N IR RO E RO o
gf_dmfit_fixef <- 1list(
alpha = mean(gf$inv) - c(mean(gf$value), mean(gf$capital)) %+’ coef(gf_dmfit),
v = (unique(gf$inv_imean) - unique(mean(gf$inv))) -
t (rbind(
unique (gf$value_imean) - mean(gf$value),
unique(gf$capital_imean) - mean(gf$capital)
)) %*% coef(gf_dmfit),
delta = (unique(gf$inv_tmean) - unique(mean(gf$inv))) -
t (rbind(
unique (gf$value_tmean) - mean(gf$value),
unique(gf$capital _tmean) - mean(gf$capital)
)) J*% coef(gf_dmfit)

gf_dmfit_fixef$v[, 1] + gf_dmfit_fixef$alpha[l] + gf_dmfit_fixef$deltall, 1]

## [1] -86.900230 120.154010 -222.131030 8.453612 -92.338825  15.988413
## [7] -35.433620 -19.409715 -56.682674  39.936893

# individual fized effects, equivalent to
gf_twfefit |>
fixef (effect = "individual") |[>

summary ()
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## Estimate
## 1 -86.900230
## 2 120.154010
## 3 -222.131030
## 4 8.453612
## 5  -92.338825
## 6 15.988413
## 7 -35.433620
## 8  -19.409715
## 9 -56.682674
## 10 39.936893

gf_dmfit_fixef$deltal, 1] + gf_dmfit_fixef$alpha[l] + gf_dmfit_fixef$v[1, 1]

## [1] -86.90023 -106.09764 -127.59024 -126.12663 -156.37052 -131.13531
## [7] -105.70469 -108.04002 -129.87785 -129.99900 -142.58327 -118.06951
## [13] -126.29247 -130.61674 -160.39533 -162.79634 -149.38114 -151.53257
## [19] -154.61820 -180.42645

# time fized effects, equivalent to
gf_twfefit |>
fixef (effect = "time", type = "level") |[>

summary ()

## Estimate
## 1935 -86.90023
## 1936 -106.09764
## 1937 -127.59024
## 1938 -126.12663
## 1939 -156.37052
## 1940 -131.13531
## 1941 -105.70469
## 1942 -108.04002
## 1943 -129.87785
## 1944 -129.99900
## 1945 -142.58327
## 1946 -118.06951
## 1947 -126.29247
## 1948 -130.61674
## 1949 -160.39533
## 1950 -162.79634
## 1951 -149.38114
## 1952 -151.53257
## 1953 -154.61820
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## 1954 -180.42645

FIH AR, FAPFBAX EREIEE AP (balanced) MUHFRE. Sebr b, BRI ERUV T %
MR IR PRAIAR P (unbalanced) TEIBCARIE o AE-PATTERR B, BRI ERUY & Rk T
JTEERE N o AR AR AR FE AR, PRI R TS ARZ2 FE R Y (Greene, 2018, p.439).
NHEFATHN Grunfeld Hafe AR —4IAEFATTRM,  FFRAEN I EHE RO A% R b A
PSS
# Twoway fized effects with unbalanced panel
gfmod <- Grunfeld |>

as_tibble() |>

filter(!(firm <= 5 & year >= 1950)) # fl a7 LN HY 5 5 48 18] B9 LU (&

# plm

gfmod_twfefit <- plm(
inv ~ value + capital,
data = gfmod,

effect = "twoways",

model "within",
index = c("firm", "year")

)
gfmod_twfefit |> summary()

## Twoways effects Within Model

#it

## Call:

## plm(formula = inv ~ value + capital, data = gfmod, effect = "twoways",
#i# model = "within", index = c("firm", "year"))

#it

## Unbalanced Panel: n = 10, T = 15-20, N = 175

#i#

## Residuals:

## Min. 1st Qu. Median 3rd Qu. Max.
## -119.13395 -13.93565 -0.08944 14.06739 124.77893
#i#

## Coefficients:

## Estimate Std. Error t-value Pr(>|tl)

## value 0.073884 0.011730 6.2986 3.432e-09 ***
## capital 0.171824 0.033600 5.1138 9.898e-07 ***

## ——

## Signif. codes: O 's*x' 0.001 'xx' 0.01 'x' 0.05 '.' 0.1 ' ' 1
##

## Total Sum of Squares: 251990

## Residual Sum of Squares: 184780
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## R-Squared: 0.26673
## Adj. R-Squared: 0.11396
## F-statistic: 26.19 on 2 and 144 DF, p-value: 1.9912e-10

# LSDV

gfmod_dummyfit <- 1m(
inv ~ value + capital + factor(firm) + factor(year) - 1,
data = gfmod

)

gfmod_dummyfit |> summary()

##

## Call:

## 1lm(formula = inv ~ value + capital + factor(firm) + factor(year) -
## 1, data = gfmod)

##

## Residuals:

## Min 1Q Median 3Q Max

## -119.134 -13.936 -0.089 14.067 124.779
##

## Coefficients:

*kkk

*kkk

*kkk

*kkk

#i# Estimate Std. Error t value Pr(>|tl)
## value 0.07388 0.01173 6.299 3.43e-09
## capital 0.17182 0.03360 5.114 9.90e-07
## factor(firm)1 109.62932 48.85397 2.244 0.0264
## factor(firm)2 180.14198 24.78267 7.269 2.12e-11
## factor(firm)3 -102.04683 24.83181 -4.110 6.63e-05
## factor(firm)4 3.78330 14.92123 0.254 0.8002
## factor(firm)5 -28.40067 16.78703 -1.692 0.0928 .
## factor(firm)6 7.31342 13.86989 0.527 0.5988
## factor(firm)7 -16.74409 14.57220 -1.149 0.2524
## factor(firm)8 -20.55076 14.27899 -1.439 0.1523
## factor(firm)9 -33.10625 14.38572 -2.301 0.0228
## factor(firm)10 -2.33382 15.44229 -0.151 0.8801
## factor(year)1936 -0.67478 16.63674 -0.041 0.9677
## factor(year)1937 -4.87747 17.92216 -0.272 0.7859
## factor(year)1938 -18.75742 16.37974 -1.145 0.2540
## factor(year)1939 -35.78164 17.11351 -2.091 0.0383
## factor(year)1940 -7.57898 17.34460 -0.437 0.6628
## factor(year)1941 19.18409 17.33539 1.107 0.2703
## factor(year)1942 12.79402 16.98636 0.753 0.4526
## factor(year)1943 -2.21032 17.40735 -0.127 0.8991
## factor(year)1944 -1.20499 17.49622 -0.069 0.9452

19
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## factor(year)1945 -7.51637 18.01262 -0.417 0.6771
## factor(year)1946 22.48397 18.48193 1.217  0.2258
## factor(year)1947 15.94741 18.51279 0.861 0.3904
## factor(year)1948 17.94048 19.12532 0.938 0.3498
## factor(year)1949 -4.35775 19.84946 -0.220 0.8265
## factor(year)1950 -11.94365 22.17065 -0.539 0.5909
## factor(year)1951 -1.16605 22.43732 -0.052 0.9586
## factor(year)1952 -0.10544 22.89025 -0.005 0.9963
## factor(year)1953 -0.09368 23.54584 -0.004 0.9968
## factor(year)1954  -8.93206 24.02582 -0.372 0.7106
## ——-

## Signif. codes: O '*x*xx' 0.001 'xx' 0.01 'x' 0.05 '.' 0.1 ' ' 1
#Hit

## Residual standard error: 35.82 on 144 degrees of freedom
## Multiple R-squared: 0.9697, Adjusted R-squared: 0.9632
## F-statistic: 148.7 on 31 and 144 DF, p-value: < 2.2e-16

# Demeaned
gfmod <- gfmod |>
group_by(firm) |[>
mutate (
inv_imean = mean(inv),
value_imean = mean(value),
capital_imean = mean(capital)
)
gfmod <- gfmod |>
group_by(year) |>
mutate (
inv_tmean = mean(inv),
value_tmean = mean(value),
capital_tmean = mean(capital)
)
gfmod <- gfmod |>
ungroup() |>
mutate (
inv_demeaned = inv - inv_imean - inv_tmean + mean(inv),
value_demeaned = value - value_imean - value_tmean + mean(value),

capital_demeaned = capital - capital_imean - capital_tmean + mean(capital)

gfmod_dmfit <- 1m(
inv_demeaned ~ value_demeaned + capital_demeaned - 1,

data = gfmod
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gfmod_dmfit |> summary()

#i#

## Call:

## 1m(formula = inv_demeaned ~ value_demeaned + capital_demeaned -
## 1, data = gfmod)

#i#

## Residuals:

## Min 1Q Median 3Q Max

## -136.414 -14.162 0.959 15.730 125.631

#i#

## Coefficients:

## Estimate Std. Error t value Pr(>|tl)

## value_demeaned 0.090916 0.007235 12.567 < 2e-16 **x

## capital_demeaned 0.191935 0.028890 6.644 3.82e-10 **x

#H -

## Signif. codes: O '#¥x' 0.001 'xx' 0.01 'x' 0.05 '.' 0.1 ' ' 1
##

## Residual standard error: 33.14 on 173 degrees of freedom

## Multiple R-squared: 0.5358, Adjusted R-squared: 0.5304

## F-statistic: 99.83 on 2 and 173 DF, p-value: < 2.2e-16

T, RO HM R (145 55 BB TR 735 . Wansbeck & Kapteyn (1989) £ H1 T
AT TRTRRURL 1 A A AR 9 b BT

FESLEH . JLPAEM— DR B S BR ARV R R, PRIl A b X A ALEE O
[FZAATAT LA B AR STATA AT R P g T3k

6 RE%

FIH Cornwell & Rupert (1989) g% (A plm AUH1f) Wages Hifafle) 707l plm BREL
AR XRFRADA IR T T AR 1) [ RO AL

In Wage,, = pWks,, + a; + 6, + u;,
Hi#E Greene (2018) i) Example 11.8 A[41, =FJ7iEM it HHAY § #BE 2 0.00095, 425 IE #ifh
TiEse

F TORAG Wages ZUHEHHT 300 ADAMARIY B m = A R _EAOMLIE N R, TIERAG T — AR
TEASCEAE (LT 300 NMREAT 4 NITE, J5 295 DMREA 7 IR EAOIMED « B
plm PREL. REMIARGE . XFRAUOAIE M TR B E RV o R, plm EA1REAIAL A Al T
(9 B W2 0.00050, THUCMEIRZA T (B5E2) fTHESY 0.00283. (RE AR T HHIFI S5 ?

TERL: Wages BRI FBoA & MR R4 &L, R B 50as AT NI a4 BE T He it
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data(Wages)
Wag <- pdata.frame(Wages, index = 595) |> as_tibble()

TR, 1E Wag T EL TS id A time, Z0ORAT T AMARIR RIE S

52 Xk
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