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The two stage least square (2SLS or TSLS) estimator

5—[ES (firststage) : B Z EVA X, HItEHIME X,
X, =mg+m24; + v;
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PIES M cig chl2.x1sx HEISS3
I—E’J%’II/I%%*&TE

F| 48 P RFEMN 1985 F1 1995

Ly

+ BRT state M year, ZHIEETHSHM 7 NEE:

cpil
pop
packpc
income
tax

avgprs
taxs

Consumer price index.

State population.

Number of packs per capita.

State personal income (total, nominal).

Ave. state, federal, and ave. local excise taxes for
fiscal year.

(This is the cigarette-specific tax)

Average price during fiscal year, including sales tax.

Average excise taxes for fiscal year, including sales

tax.
(This is the cigarette-specific tax + sales tax)
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« —fix TEZ =03 RE:

Y; = fo

Y, X, W, 581%

/\ TRE
m-*|" 1LHAE S,

+ 1 X1 + -+ B Xk
+ Breri Wi + .. Brgr Wi + 1y

AT, NETEBINESE, Z,.... 7 7

« Em >k, MFR

oI R HEZ T EIRAIAY (over-identified) ;
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o Z5¥J5FE (structural equation)

Yi=00+ 51 X1 + -+ B Xk

BeriWii + ... Bear Wi + 1,

—FrEX[E]Y)3  (first stage regression)

- T11415 + 0+ T1mZmi

¢ £
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Xki = Tk,0 -

- T me 1t Wi + o+ T Wei + 014

- TR 12418 + 0+ ThomZmi

- T m+1 Wi + - + Teomar Wei + Ur s
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tsls Ilng const lnp lninc ; lninc salestax —--robust

Model 1: TSLS, using observations 1-48

Dependent variable: 1ng

Instrumented: 1np

Instruments: const lninc salestax
Heteroskedasticity—-robust standard errors, variant HC1

coefficient std. error t-ratio p—value

const 9.43066 1.25939 7.488 1.93e-09 xkx
lnp -1.14338 0.372303 -3.071 0.0036 Sk k
lninc 0.214515 0.311747 0.6881 0.4949

Mean dependent var 4.538837 S.D. dependent var 0.243346
Sum squared resid 1.617235 S.E. of regression 0.189575

R-squared 0.430985 Adjusted R-squared 0.405696
F(2, 45) 8.191141  P-value(F) 0.000925
Log—likelihood -23.67640  Akaike criterion 53.35280
Schwarz criterion 58.96640 Hannan—-Quinn 55.47419

Hausman test -
Null hypothesis: OLS estimates are consistent
Asymptotic test statistic: Chi-square(1l) = 1.20218
with p-value = 0.272886

Weak instrument test -
First-stage F-statistic (1, 45) = 44.7305
A value < 10 may indicate weak instruments
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tsls Llng const lnp lninc ; lninc salestax cigtax

—-=robust

Model 2: TSLS, using observations 1-48

Dependent variable: 1nq

Instrumented: lnp

Instruments: const lninc salestax cigtax
Heteroskedasticity-robust standard errors, variant HC1

coefficient std. error t-ratio p—value

const 9.89496 0.959217 10.32 1.95e-13 xxx
lnp -1.27742 0.249610 -5.118 6.21e-06 sxkxx
lninc 0.280405 0.253890 1.104 0.2753

Mean dependent var  4.538837 S.D. dependent var 0.243346
Sum squared resid 1.588044 S.E. of regression 0.187856
R-squared 0.432398 Adjusted R-squared 0.407171
F(2, 45) 16.17491 P-value(F) 5.09e-06

Hausman test -
Null hypothesis: OLS estimates are consistent
Asymptotic test statistic: Chi-square(1l) = 3.34671
with p-value = 0.0673395

Sargan over-identification test -
Null hypothesis: all instruments are valid
Test statistic: LM = 0.332622
with p-value = P(Chi-square(1) > 0.332622) = 0.564119

Weak instrument test -
First-stage F-statistic (2, 44) = 209.676
A value < 10 may indicate weak instruments
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tsls Llng const lnp lninc ; lninc salestax cigtax —--robust

Model 2: TSLS, using observations 1-48

Dependent variable: 1nq

Instrumented: lnp

Instruments: const lninc salestax cigtax
Heteroskedasticity-robust standard errors, variant HC1

coefficient std. error t-ratio p—value

const 9.89496 0.959217 10.32 1.95e-13 xxx
lnp -1.27742 0.249610 -5.118 6.21e-06 sxkxx
lninc 0.280405 0.253890 1.104 0.2753

Mean dependent var  4.538837 S.D. dependent var 0.243346
Sum squared resid 1.588044 S.E. of regression 0.187856
R-squared 0.432398 Adjusted R-squared 0.407171
F(2, 45) 16.17491 P-value(F) 5.09e-06

Hausman test -
Null hypothesis: OLS estimates are consistent
Asymptotic test statistic: Chi-square(1l) = 3.34671
with p-value = 0.0673395

Sargan over-identification test -
Null hypothesis: all instruments are valid

Test statistic: LM = 0.332622 This is another test
with p-value = P(Chi-square(1) > 0.332622) = 0.564119

Weak instrument test -
First-stage F-statistic (2, 44) = 209.676
A value < 10 may indicate weak instruments
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£ gretl PitEH J Hit=f p B

« 117 TSLS fhitzfE, YT MIlla<
genr esterr = $uhat
ols esterr const lninc salestax cigtax
restrict
b[3] =0
b[4] = 0
end restrict
scalar Jstat = 2 x $test

scalar Jpvalue = pvalue(X, 1, Jstat)
print Jstat Jpvalue

- HERA

Jstat = 0.30703124
Jpvalue = 0.57950767
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o XMIRIUHEFR Durbin-Wu-Hausman @38 (DWH #@3%, Bk
Z Hausman 1838&) .

21



tsls Llng const lnp lninc ; lninc salestax cigtax

—-=robust

Model 2: TSLS, using observations 1-48

Dependent variable: 1nq

Instrumented: lnp

Instruments: const lninc salestax cigtax
Heteroskedasticity-robust standard errors, variant HC1

coefficient std. error t-ratio p—value

const 9.89496 0.959217 10.32 1.95e-13 xxx
lnp -1.27742 0.249610 -5.118 6.21e-06 sxkxx
lninc 0.280405 0.253890 1.104 0.2753

Mean dependent var  4.538837 S.D. dependent var 0.243346
Sum squared resid 1.588044 S.E. of regression 0.187856
R-squared 0.432398 Adjusted R-squared 0.407171
F(2, 45) 16.17491 P-value(F) 5.09e-06

Hausman test -
Null hypothesis: OLS estimates are consistent
Asymptotic test statistic: Chi-square(1l) = 3.34671
with p-value = 0.0673395

Sargan over-identification test -
Null hypothesis: all instruments are valid
Test statistic: LM = 0.332622
with p-value = P(Chi-square(1) > 0.332622) = 0.564119

Weak instrument test -
First-stage F-statistic (2, 44) = 209.676
A value < 10 may indicate weak instruments
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BT RV ERENHE o

E T 1985 1 1995 F IR

« MRBRZEPHNEMATZ
ln(ngg%) - IH(QE,%%) = Po + 51 _ln(Pz'(jilg995) - 1“(3%?985)}

-+ 62 -ln(Incomei,lg%) — ln(Incomei,1985)} + U;

PRI E D MANETE S, IWANNRESINAINE

% ——/—\xgjj

R

SaleSTaxmg% — SaleSTaXi,1985

C1gTaxz-’1995 - ClgTaXi,1985
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P
1.1 PR Two Stage Least Squares Estimates of the Demand for Cigarettes Using
Panel Data for 48 U.S. States

. . i tt i tt
Dependent variable: In(Q{¥sse ) — In(Qf¥sae c*)

Regressor (1) (2) (3)
In quigarettes — In quigarettes —0.94 —1.34 —1.20
(Piros™) = In(Fifoss™) (0.21) (0.23) (0.20)
[—1.36, —0.52] [—1.80, —0.88] [—1.60, —0.81]
ln(lnci,1995) — hl(li’lCi’lggS) 0.53 0.43 0.46
(0.34) (0.30) (0.31)
[—0.16,1.21] [—0.16, 1.02] [—0.16, 1.09]
Intercept —0.12 —0.02 —0.05
(0.07) (0.07) (0.06)
Instrumental variable(s) Sales tax Cigarette-specific tax Both sales tax and
cigarette-specific tax
First-stage F-statistic 33.7 107.2 88.6
Overidentifying restrictions — — 4.93
J-test and p-value (0.026)

These regressions were estimated using data for 48 U.S. states (48 observations on the 10-year differences). The data are
described in Appendix 12.1. The J-test of overidentifying restrictions is described in Key Concept 12.6 (its p-value is given
in parentheses), and the first-stage F-statistic is described in Key Concept 12.5. Heteroskedasticity-robust standard errors
are given in parentheses beneath coefficients, and 95% confidence intervals are given in brackets.
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(Hoxby, 2000)
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« THT=: BEEEFNMIENE
- BEIPRIINODSEERNERNENEES
(McClellan, McNeil, and Newhouse, 1994)
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