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NEEFINENSE

Endogeneity and exogeneity

e EUAENREIA, SEVFIT= X, 517EI u HXE, X, HEIRE
NETE (endogenous variable) ; & X, 5 u ~E%, Y
MMENINETE (exogenous varlable)

» FENATER, OLS [HitE2E R,

s FHERETENEEREA:
1. FRERESE (AAWN) ;

2. FENMZIRZE (measurement error, IFRFENE) ;
%

3. FEX[T

R xZ (simultaneous causality) .




HREERE (§))

Omitted variable bias

s NREFTES5 O AP RIENH N ERT SRS D REFEANE
M2 (BKETE, omitted variable) t8%, NI OLS {4it=
HRETE{RZE (omitted variable bias) .
=hmeE NIFENEFEIRRTERE:

1. BRE=MEVTT=HEHK,

N
i
Al
G
Gl

EAZEN—TREAE.

ra \1?9& BIF:
o | | o 1 EEESEES: RE 12
Yi = Po + P1Xi +Hui|< HWZE o =i ~m8R1, G52

S~ = - 3. EPPENBESE (BMEEHER

FRAFEAL) - JFeE 1 BRNERE 2,
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EiRZERENZID (82])

« ME—5 OLS Ri% E(y; | X)) = 0 AISH corr(X;, u;) =
- IRFEEFRLERE, N
corr(X,,u) #0 = E(u | X) #0

« H5—5 OLS g 19\71%21'2 N OLS {hit==8 1wy (FELEFR:
ERTERZE) . XTREEMEEARFER MEARIER, EHit
OLS {&1 QEIF_EQE(JO I\&/I’EZE“H%_FE/] OLS fHit=mE

A O
IBI £> ,61 + pXu_u, JH:% Px, = COIT Xi’ Mi)
Ox



QeI 3T R E E R E

s RE=E RN

» ZIr4 %ol

s WRESEARIYNAY, EARENEZE (SABREN)
» EERMNEYT (EiREEE)

s EREZEEAFTNNN, HEMREZN, SEEREE

« RENANT AT S0




RIAFR

The “Mozart effect”

* 1993F &R Nature L —TTRRRATRILIFHIER10-15D
] VSNSRI 1Q 8-977,
Rauscher, Shaw, and Ky, Music and spatial task performance, Nature, vol.365, pp.611, 1993.
o ZIAFRNBIMKIBERITA?
o ZNMARER, SFREBFRIVZRKFRENFEE, HEBHHNFEHS5
Ee T RBIEFTXRIRENFE,

o (B XLFRINE—T ANAET LMK SARIFNEIEFRERS SR
HZMNRERERR ., FIRFNFZEEE S E]gE B MR EIX
KRR, B REHEXBIRFENFREERFNER,

s BNEERINAFERREERE: TERM. FREAEF,

Y

X
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MMEIERXZR

Simultaneous causality

» WEINVAXZRZE X /ARE Y NER, Y HRE X.

 Blan, BAMREMRFEDMLL R ASEZE NN GHITETT
B2, WRBUSXEGHRIRAYFR ST I A+MENE SR LAE DN 2R
mE=E, BABMNARE=SEURZERNEE, BIFEHn

5
. X

Dﬁ

A

MR A 2 BT ER A E R X R,

RRZRAIA

BRI A2 VR .

Y = Bo + B1.X; + uy
X; =% +mY; +v;

_: ul E_I-L\X%gl]l-ﬁ] Yl’ ﬁ,ﬁ Yl R/%;[IF]] Xl’ Xl *D ul %*E?&E/\Jo
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Philip Wright 9553

- RBIRETETS=MITHI Philip Wright 7220t 2220 F XS
!zuﬂsdamafl% (B, KEF) REFOXMHATHR.

. IE%#?Q*%#H%E’Jéz/ﬁgiﬂr]ﬁ'ﬁ_fijij%ﬁ|:||:|E’Jﬁ'ﬁ;kﬂl{/\éf:\ 7% 1
TE=G1T, BEMittinilEE KAMEEIM IS,

- Bl e HRIFR KRR IE )RR RT3 2550 N ERITE K B 2%

ln(QZbutter) _ BO + 51 ln(Pibutter) + u;

T

demand elasticity
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* Philip Wright IREE T ZEE 1912 —1922F B E MM EE B RS
MEEFIIMB LR, BUEEEETIRE S A OLS A1t
KM

- AR, BFNMEREESRANBLAREERNEERE, @ETE
[n(PPU"*") FI8ESIRETUEX

\\|11”
AllE
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ok HEEEER

(a) Price and quantity are determined by the intersection of
the supply and demand curves. The equilibrium in the first
period is determined by the intersection of the demand
curve D; and the supply curve S;. Equilibrium in the second
period is the intersection of D, and S,, and equilibrium in
the third period is the intersection of D; and Ss.

“—%i%—%

L SEoKIEIN.
Z=KIZAN.

1/\—I:I —FB:F
1/\fl:l imj][l
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Price

Period 2
equilibrium
5
7/
//
\ <, 51
.53
"4 Period 3
S equilibrium
\\ D
Period 1 D,
equilibrium
D,
Quantity

(a) Demand and supply in three time periods



ok HEEEER

(b) This scatterplot shows equilibrium price and quantity in Price
11 different time periods. The demand and supply curves

are hidden. Can you determine the demand and supply

curves from the points on the scatterplot?

ENFNEMSSEEHE.
PALE#1T OLS e BB LB A EHA St NS E KL,

Quantity

(b) Equilibrium price and quantity for 11

time periods
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ok HEEEER

(c) When the supply curve shifts from S; to S, to S5 but the
demand curve remains at D, the equilibrium prices and
quantities trace out the demand curve.

NREEIEHITRHLZLAE, BARLZATRAIENZA
SN P AT BN Bl JHEE oK

TINERREIRMBGSEARATMERNE=17%E, NTEEZS

Philip Wright ZElENTET=: X5
FlanHiZERENT A S EN A K, HmaslnEmegEs
AraimEEXK,
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Price

) 1E

Quantity
(c¢) Equilibrium price and quantity when only
the supply curve shifts



TEREE=M IV {hiT=



TETE

Instrumental variable

o FE—IoZk AR EI A
Y; = 5o + Bl X
RE

= X u 8%, N OLS {HitE4
. WETETE X, WA RAFES

1. M u;, HRBE D
2. M u; AMEXIER D

» MREEXE—TITRXE

UHFS u; TTRAIE D

, BG4
E?’kﬁlﬁ’ﬂﬁﬁ'gﬁﬁ iﬂ_ﬁ._o
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/\v EES
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& (instrumental variable)
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THESNEWFEMHE

Y: = Bo + Bl Xi|+ uy

A
(BT X 5 Y PR @4 / AER
------------ Z;

Ik

X35 utExl, =2 ZBKA— 1B

BT SHEREE

1. TETSHXY (instrument relevance)

2. TEAT=9ME (instrument exogeneity)
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. corr(Z;, X;) # 0
. corr(Z;,u;) =0



IV {hit=

IV estimator

s AFAANIARZ=E Z H,
cov(Z, Y,) = covl[Z, (fy + P X; + u,)]
= pcov(Z, X;) + cov(Z, u;)

SETTH cov(Z, X)) # 0, cov(Z, ) = 0, EHAISH

cov(Z,Y))
b cov(Z;, X;)
s 2 Km0 =T)

» J1 O IVARITERN : Y X -XP %

Z?—l (2= 2)(Y; = Y) Szy P F

A p——— — — =
YL Z-DX-X) s
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Mk Ex s/ SR(EIT=

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

5—[ES (firststage) : B Z EVA X, HItEHIME X,
X, =mg+m24; + v;

\nr

A

X; =T + M4

XEH X HE X, T Z, THTEAES, 5 u, FEX,

A\

« BBE_MER (secondstage) : B X; @3 Y,

Y 5TSLS 5 SLSX 1+ uTSLS

HAEFIRETHE S TS0 B2 B, ) TSLS fHitE.,
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TSLS {Hit=5 IV {Git=

« R3E TSLS MIE X AILAUERR (ZDLMix12.2)

BTSLS _ Szvy _ BV
1 57X 1
. B AE—HIE. EARATRAES ST, BHR.
ﬁTSLS _) ﬁl

STSLS N 1 varl(Z; — py)u;] )
Pl N(ﬁl’ n [cov(Z, X)1?
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MEMR . FRIMES FWHS

» SRFREIAD, RARFIRES|RZMIER, BN ANRMEIARER
ERARE (BY _FMH. AT TES)

o B IREN—I S AR X B AR E

Flan, E2FEFMBEZERLD 20% N
/I\f)

YN

s BIEFEEMETREXKEE, WREEIERN -1,
20% BE{EHZRMD 20%, XAT, MREFHMN AEMNHI 20%,

5, (BB REMELIE?

EMMIzZES

MUl

=1

» MEH—1F, FERODIZNMEARNE
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< ERIFRINHIE

. SROEARR: H-
o« EFTIN: TATEM. EAAEFHE.

« BETMWE: THEMH (sales tax)

Vavay

tax) =

A, £

3L, -

=T X

o BTN Wi, B, MEMS
D HNEERMEARSS, BMNES BURE

« THEM (sales tax)

I,

o 4FTHTETE (excise tax)

Ul E1ESE)

£ & https://taxfoundation.org/

i, BAFEHS

. UIAFE . IBEM. FSMEZE (excise

DA mEARSS (WIEE. B,

BRFREUR .. M. 3t BURTEW
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How High are Sales Taxes in Your State?
Combined State & Average Local Sales Tax Rates, January 2021

(#38)

HI
4.44%
#45
Notes: City, county and municipal rates vary. These rates are weighted by population to Combined State & Average Local Sales Tax Rates
compute an average local tax rate.The sales taxes in Hawaii, New Mexico, and South Dakota
have broad bases that include many business-to-business services. D.C's rank does not . l l . l l

affect states' ranks, but the figure in parentheses indicates where it would rank if included.

Sources: Sales Tax Clearinghouse; Tax Foundation calculations;
State Revenue Department websites

Lower Higher

TAX FOUNDATION https://taxfoundation.org/publications/state-and-local-sales-tax-rates/ @TaxFoundation



How High Are Cigarette Taxes in Your State?
State Cigarette Excise Tax Rates (dollars per 20-pack), January 2019

vT I NH I

$3.08 #6 $1.78 #22

PA >
oH | $2:60 #11 ’ MA [l
WV j
$1.20 VA RIM
Ky #33 $£43;0 $4.25 #3
$1.10 #35 cTll
TN $0 4?5#46 $4.35#1
AR $0.62 #42 7oy NJ I
#4. o AL §A37 #44 DE [
$0.68 $0.675 : $2.10 #13
; #48
#39  #40 MD [
LA $2.00 #15
$1.08 #36 DC .
FL $4.50 (#1)
$1.339
#30
State Cigarette Excise Tax Rates
(dollars per 20-pack)
Note: Local taxes are not included and can be substantial. D.C.'s rank does not
affect states' ranks, but the figure in parentheses indicates where it would rank l .
if included. Lower Higher

Source: Bloomberg Tax; state statutes.

TAX FOUNDATION https://taxfoundation.org/2019-state-cigarette-tax-rankings/ @TaxFoundation



BIRE A EUES

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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Pci garettes

TRTSHE

£ =M

frlk

D MRABERETR S
BIE AT

- TAT&E: 1HEM SalesTax,
AR
>

SEHEMEAR, BRE

MM A LERZ A G, HERXS

n‘u

Zlizixé’klﬁﬁj?lﬁﬁ i,

YA EEE)

HEME
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TSLS {&it

» JRyg[El)TRES
ln(Qgigarettes) 60"‘51 ( (31garetteS) 1w

No. of packs per capita
In the state

ave. price per pack

In(P; igarettes) = 19 + w1 SalesTax; + v,

(2

calculated as (taxs - tax)

. BB
—_—

ln(QcigaretteS) _ TSLS + 5'11‘SLSI (ngaretteS) 4 UTSLS

1 1
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TSLS {&it
ET 1995 FRIEEEEE

+ HWIREIE

open

"@workdir/data/SW3/c1g _chl2.x1lsx"

setobs state year --panel-vars

genr
genr
genr
genr
genr

smpl

salestax = (taxs - tax) / cpi
cigtax = tax / cpi

Lnp = ln(avgprs / cpi)

lng = Un(packpc)

lninc = ln(income / pop / cpi)

year == 1995 —-restrict —-replace
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TSLS {&it
ET 1995 FRIEEEEE

« OLS [A])3

ln(QgigaretteS) 50"’61 ( c1garettes> ‘|‘U@
ols Lng const lnp —--robust

o |V [E]Y389 TSLS {1t (FBEX OLS)

In (P = 7y 4 71 Sales Tax; + v,

A

ln(QgigaretteS) . TSLS+ﬁTSLSI ( mgaretteS)_I_uTSLS

7 7

ols lnp const salestax —-robust
genr lnphat = $yhat
ols Lng const Lnphat —-robust

- Lo pYSE A TS
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log(packs)

5.2

5.0

4.0

— TSLS
- - OLS

4.6

4.7

4.8

log(rprice)

31
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5.0




tsls i<

e TSLS {1t e LAE ]

% OLS {1

=, H_PEIETTRINRAEIRAN A,

1Z[EAZE ZMER,

o £ gretl B¥rXY TSLS (it E A ap

T B IR,

/

A

tsls Y|const X|:

A=

O
(ZDEE—TAEES)

’

VA

; bR

-=robust

AT s

tsls Llng|const Llnp

' salestax
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A ols ap L {HITE _MEREIER

? ols lng const lnphat ——robust

Model 3: OLS, using observations 1-48

Dependent variable: 1ng

Heteroskedasticity-robust standard errors, variant HC1

coefficient std. error Z p—value
const 9.71988 1.59712 6.086 1.16e-09 *xx*xx
Lnphat -1.08359 0.333695 -3.247 0.0012  xxxk
Mean dependent var 4.538837 S.D. dependent var 0.243346
Sum squared resid 2.358809 S.E. of regression 0.226447
R-squared 0.152490 Adjusted R-squared 0.134066
F(1, 46) 10.54455 P-value(F) 0.002178
Log—-likelihood 4,.204011 Akaike criterion 4.408022
Schwarz criterion -0.665620 Hannan-Quinn 2.993763

33



A tsls ap TRIEHITS

? tsls lng const lnp ; salestax ——robust

Model 4: TSLS, using observations 1-48

Dependent variable:

Instrumented: 1lnp

lng

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

coefficient std. error | t-ratio

const 9.71988 1.52832 6.360

lnp -1.08359 0.318918 -3.398
Mean dependent var 4.538837 S.D. dependent var
Sum squared resid 1.666792 S.E. of regression
R-squared 0.405751 Adjusted R-squared
F(1, 46) 11.54431  P-value(F)
Log-1likelihood -34.38306 Akaike criterion
Schwarz criterion 76.50851 Hannan-Quinn
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p—value

8.35e-08 xxxk
0.0014 Sk skok

0.243346
0.190354
0.392832
0.001411
72.76611
74.18037



