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IREATREE
o HIMEFSHEAIEIZ: Captial, Labor, Law, Culture, ... ..
o RIRE K NEBERNEZE, WERSEAE 2° 4 L.
y=c+XBr+u, £=1,...2%

o HEn, 26 =64, 210 =1024

o YAIRERIEIREY?
o p-hacking: % % % > %% > x

o R?, RSS, AIC, BIC, ....
o eEiipt: Lasso, Lasso-1V, DML (Double Machine Learning)
o Model Averaging (fREYM154()
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RPN B SERI Moral-Benito (2015, PDF)

Table 1. The Deterrent Effect of Capital Punishment.

Dependent variable is the murder rate

(D 2) 3)

Execution rate 0.19 —0.44 —11.49
(0.02) (—0.18) (—2.72%%%)
Controls included None KLS (2003) DS (2006)
N 51 51 51
R? 0.01 0.68 0.85
Net lives saved per execution —1.47 0.06 26.93
(—0.07) (0.01) (2.627%%%)

e KLS (2003) =HIBFRRIRFET SR, T2 DICFERNIRIE. & 100,000 FfEEHIA
B, AW, REgRI =R, BAFMBHAONBD. FREHRE (0-24 ZH
25-44 ZHY73EL -olds) FNE2) LFETZ=R,
e DS (2006) =HIEFEAITGIIAN. R, ERH, PAFEEEDIIFRSHRE
lianxh.cn ﬁcfé ﬂé&dl?m?ﬁﬂgzo'zdf SRIERD) .
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Table 2. The Deterrent Effect of Capital Punishment Via Model Averaging.

BMA-g WALS BMA-bic  FMA-aic MMA IMA
(1) (2) 3) (4) (5) (6)
Execution rate —2.477 —1.786 —2.652 —2.701 —2.712 —2.717
(2.357) (2.264) (2.343) (2.331) (2.327) (2.303)
Infant mortality rate 0.000 0.003 0.000 0.001 0.001 0.001
(0.001) (0.002) (0.001) (0.001) (0.001) (0.001)
Prison deaths rate 0.002 0.035 0.007 0.020 0.018 0.019
(0.058) (0.211) (0.088) (0.084) (0.076) (0.088)
Prisoners per 100,000 residents 0.007 0.005 0.007 0.007 0.007 0.007
(0.005) (0.003) (0.005) (0.004) (0.004) (0.004)
Prisoners per violent crime —5.716 —4.072 —5.676 —5.783 —5.783 —5.9406
(5.270) (3.106) (4.894) (4.275) (4.398) (4.280)
Fraction black 9.604 6.898 9.415 9.171 9.404 9.540
(4.189) (3.582) (4.097) (3.957) (3.777) (3.647)
Fraction urban 0.067 1.959 0.176 0.517 0.583 0.648
(1.201) (2.769) (1.633) (1.621) (1.585) (1.754)
Fraction 25-44 year-olds 2.488 23.296 5.401 11.209 12.553 12.061
(10.382) (20.588)  (14.417) (17.490) (18.232) (17.818)
Fraction 0-24 year-olds 0.700 5.849 1.304 2.746 2.981 2.925

(4.541)  (23.022)  (7.364) (8.585) (8.039) (8.757)

Source: Moral-Benito, E., 2015, Model averaging in economics: An overview,
Journal of Economic Surveys, 29 (1): 46-75. -Link-, -PDF-
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MA: EFREIR

« EHEE: M = (M., My}
o XIRIAGIEHE: {0:,...,0n )
o WER: w—{’wl, .. wM}

o I {hiT= (Averaging estimator)
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sysuse "nlsw88.dta", clear
eststo ml: reg wage union hours 2.race tenure
eststo m2: reg wage union hours if e(sample)
esttab m2 ml, nogap s(rss rmse aic bic r2 N) drop(_cons)
wage N=1867 (1) (2)
union 1.378%** 1.193%**
(6.26) (5.58)
hours 0.0539*** 0.0422***
(5.66) (4.56)
2.race -1.356%**
(-6.55)
tenure 0.179%**
(10.88)
rss 31161.0 28745.0
rmse 4.089 3.929
aic 10559.6 10412.9
bic 10576.2 10440.6
r2 0.0392 0.114
(t), * p<@.05, ** p<0.01, *** p<0.001

lianxh.cn E=E#E | Model Averaging
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2 %13 =] /o5

ey =x,0+e, i=1,...,n, z;MBHEAkXx1
e E(e; |x;) =0, o7 :E(e?)
o BN (Band 0?)is K =k + 1

e B=(X'X)" (X'y) B LS HORSHHE
o« & =y — @B FLS KEE

e 52 =n 1Y & hHEMfLitE
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AIC #1 BIC : MLE {#it

Akaike's (1974) AIC [ Schwarz's (1978) BIC EB T HHRELUSFEE ([R] estat ic):
AIC = —2InL +2-k
BIC = —2InL +1In(n) - k

Hep, k EREPHNSHNE, In(L) BXISUUARREL.

e f(y,0) is a parametric density with a K x 1 parameter @
°eg. yi~ N(ziB,0%), 0=(B,0)

2 3)2
O f(yi; B,0%) = ¢(z;B,0) = : exp (_(i‘lz . )

\V 2mo? 202

o {LISREREL (likelihood) X H: L(0) = f(y,0) =[[._, f (v:,0)
e The MLE 8 #&kft, In L(0)

lianxh.cn E=E#E | Model Averaging
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AIC #1 BIC : OLS {#it

SEBRYTHIAR N IRIZIERS T

fEt, AIC #1 AIC 5]&5A:

AIC =nlIn(RSS/n) + 2k
BIC = nln(RSS/n) + klIn(n)

Hep, n AMRENE, RSS HiEEFTSH.

tBATLARE MSE = 62 B ERF

lianxh.cn E=E#E | Model Averaging

AAY RSS /n,

9 6% = RSS/n,
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Mallow's ¢,

Source: Gilmour (1996), Hansen (2007, PDF)

F— e FBRYEERZ Mallow's (1973) ¢p, TEXII:
RS S

6-\2

— (n — 2k).

C, =

e RSS, =" (yi—3:)° =37, &, "HEE k N ETENERNHRETS

i=1
e 52 = RSSpurr/n, BEFTEIEE (full model) itEM1S.

Remark 1
Atilgan (1996) provides a relationship between AIC and Mallows's C),, shows that

under some conditions AIC selection behaves like minimum mean squared error

selection, and notes that AIC and C,, are somewhat equivalent criteria.

lianxh.cn 1 EEE | Model Averaging 12
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AIC, BIC 1 C, B9XHR

o EEBEENRENZIHREF:

o (1) MLE %0 OLS Zfft;
o (2) C, ¥1 AIC &N

o BIC: {mF&iEtExT Feid HUREY

o AIC: A FaeFtExT @i FUIREL

©)

lianxh.cn E=E#E | Model Averaging
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442 L

AIC 1 BIC #BElE [USTEE] 1 [REEZRE| (el Ti1E,
BERRIAINA:

IC' = —2In(likelihood) + ¢(n, K)

o USTERE: H (D) k&E, BNy (ST

o WRAEIGAVE: A (BN k&2, EETENNEARME.
o AlIC: ¢ =2K

o BIC: ¢ = Klog(n)
o XWT—EERENEEE, IC Bt NNREGEIE,

lianxh.cn E=E#E | Model Averaging
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[ just ran two trillion regressions

Christoph Hanck
Universitdt Duisburg-Essen

Hanck 2016
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FERIGEGE v.s. EBISEIE,
o BRI M = {M,,..., M)
o [REYEIG: MESTHEE— (help stepwise, [R] stepwise)
o XEFFRIMENL?
o KLY IRRABEEITRE

o RIKFATE—HE™

®)

©)

O

©)

O

A INIZICFrE IR F AR SL F e AR NS ?
RGN IZ D BUR R ?

FAMIE: ZIorlR > ERF XSG

X7 BARBEEX, BREFHAEEERX
BAEIZE: BAIKTAFIE [True Model ]
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MA: EFRERE (review)

« IWE: w={wy,...,wy}

|

« TE:

lianxh.cn E=E#E | Model Averaging

194K 51T = (Averaging estimator)

o FMBMEEL: M ={M,,..., My} = {0i,...,0y}
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O(w) = w,b,

o (BHRSTEINA: FMA, Jackknife-MA (JMA), LS-MA, MMA
o EF RRS, AIC/BIC, Mallow's C, FEIRATENE
o ZLAKFEARIEIS HER
o NNTEFLAS: BMA
o LA Bayes jZN/9EHi
o LAFEIetiERNein s AR, RIESIEERERIERS
e WLMA (Weighted Average Least Squre)
o X793 Focus Variables ¥ Auxiliary Variables: y = =18 + z302 + u
o LA FWL FEIEAEMAY BMA + FMA

lianxh.cn E=E#E | Model Averaging
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PR TR
o BRSFATEFRMER M, 1 M., BFFEEEA p(y) 7 p(v)
UM AR EIEZRBA
D1 (y)
P —
*MY) = )+ ;)
Pr (M2 ‘ y) _ p2(y)

TSGR A R

o AR p1(y) > p2(y), EEM;, RZ, WiEE M,
o IRK p(y) SthME —21ogp(y) ~ BIC 2N

o FEIt, EF BIC HENEIEELA T I HHEMERE, AL BIC HEMIRATENE

lianxh.cn E=E#E | Model Averaging
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Smooth BIC (BIC weighting) - iF{l BMA

Burham and Anderson (2002).

HRIE W ErEE

=
L]

lianxh.cn EE#E | Model Averaging

I, FATATLASEN FINEE:

—2logp(y) ~ BIC — p(y) ~ exp(—BIC/2)
XERE, EEHUES
A

s, —MEEUAEIIER p(y) 5 exp(—BIC/2) BIEL,

. — P (Y) _ exp (—BIC,,/2)
Xy X0 exp (—BIC;/2)

20
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Computational SBIC

o« MitEMREXRE, £ BIC NEEFHF—L
o EELIERIG, BIC,, BMERAX, BUF exp (—BIC,,/2) SEHITEREN
e & BIC* = min,, BIC,, &=AFTEREEHH BIC BY&/IME
e i& ABIC,, = BIC,, — BIC* >0, QI
exp (—BIC,,/2) exp (—ABIC,,/2)

’U_]m: p—

ij\il eXp (—BIC]/2) j]\il eXp (—ABIC]/Q)

o B, “EREFNH, EXAEITNFIITRERIER/IMRS,

lianxh.cn E=E#E | Model Averaging
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e & Ay = BICy — BICy,
o NINE wy TN

WE =

lianxh.cn E=E#E | Model Averaging

8 A =AIC, — AICyn

EeXPp (05Ak)

S exp (0.54;)

22
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Smoothed AIC (SAIC)

Buckland et al. (1997), Burnham and Anderson (1998) IA I R]UAEF AIC FJ3EFE

exp (—AIC,,/2) exp (—AAIC,,/2)
Wy, =
S exp (“AIC;/2) | S, exp(~AAIC,/2)

TR

s\

* AIC Bk BIC i/ \IRRELAIE T I ik oK

lianxh.cn E=E#E | Model Averaging
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Bootstrap MA: EJF Bootstrap AEINE

Source: link
o BMA F FMA RYAJRR : #REITR

© regy c.(x1 x2)#(z1-z5) c.(x1 x2)##c.(x1 x2)

o REMELTERERX, SHEBESHEIRE, SFOHEERRERINE
o FRIRIIE:

o A. Bootstrap ¥ — BS RIHEA Sampt®

o B.ETF AIC, BIC /N, HEHET Samp? HEARISMER, B8 MY

o C.EBE LiATE B = 1000 %, BF {M»*}, b=1,2,---B

o D.I1EINE:

#H (M = M;)
B

’lUj:

lianxh.cn E=E#E | Model Averaging


https://www.stata.com/meeting/2sweden/lambert_fpma.pdf
http://lianxh.cn/

ERAEEHEER.E

www.uone-tech.cn

Bayesian Model Averaging (BMA)

. FSCHE— AR ERAS)

. HEMERNRE— NI

o BRRBIRELT BRI THHE
=ty

o RIS S

lianxh.cn
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[5%53 %0 (posterior)

Hh
7 N

o p(0): Fe¥a37h (prior), eg. p(0;) = 1/J

o p(y|0): y RUEERIEEY (likelihood),
° eg.y; ~ N(p,0%), By ~ U(A)

 p(y): marginal probability of y
o HOER: p(y) = [p(y|0)-p(0)-db
o & OB p(y) = 2 p(0) -p(y|0)

lianxh.cn iEFEE | Model Averaging 27
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MR

p(y) = p1L1 + p2Ls + p3Ls
= p(01)p(y|01) + p(62)p(y|62) + p(63)p(y|03)

R IMHEmER

p(0;) - p(y | 0;)

p(0;|y) =

! > 1p(0;) - ply|6;)
Ly

Prlay +pals +psls

p(6r |y) = p1

~~
BayesFactor

lianxh.cn E=E#E | Model Averaging
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IR RIS ?

Ly
g?lLl + pa Lo +P3L3j

p(0:|y) = D1

BayesFactor

B¥: B=1MEFENSR, BEXAER—HA

o fRix 1: THPMZR 1/3 Lali=)

o [Rix2: IHEPXISK - BBE. BEA (o h)

o FER: WEIXIT - B - Elatli=R

e eq. L1 =2, Ly =35, Ly =1
o p(61|y) =2/8, p(62]y) =5/8, p(bs]y) =1/8
°© BF = (1/3)><2+(1/32)><5+(1/3)><1 =6/8 <1
o BFb =15/8>1;, BF,=3/8<1

lianxh.cn E=E#E | Model Averaging
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B XAE y B3S9E
e Data: y = {1.1, 3.5, 1.2, 3.4, 2.6} (n = 5)
e ZF=AE: 0, =1,0, =2, 03 =5

o fRig 1 - etz p(d;) =1/3

o iR 2 - DB yi ~ N(p, 1)

= Note: (y; — u)/1 ~ N(0,1)
o L1 = p(yl61) = [} (1/v2m) exp(—0.5(y; — 61)*)
o Ly = p(yl62), Lz = p(y63)
L 1

POy = (1/3)L: + (1/3)L> + (1/3)L; 3

e Notes:

o 6 AJLAME—MRAR BRI NIELEE

lianxh.cn E=E#E | Model Averaging 30
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BMA: SMEBIAIFEIIE
p(M; |y) = p(M;) Py M;)

Y (M) p(y | M)
—_ Ll _
B 391131 +paLlo 4+ - 'pJLJJ bi

VYV

BayesFactor

.- BEWRTE:

o p(M;): EEBIHISISHIER, U0 p(M,) = 1/J
o p(y|M;): BERIFR DT, WIESLEMIE

A Logit tREYSE

lianxh.cn E=E#E | Model Averaging
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Ly

M _
p(M; | y) p1L1 +psLo +---pyLy

.@ o EEIRLIZE:
o Bp(My) =1/J, B, S

Ly

=p(M;),j=1,2,--,J p(Mj’y):L1—|—L2—|—-..LJ

Li=p(y|z, M)

lianxh.cn E=E#E | Model Averaging
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BMA f#itE:

XJEb :

lianxh.cn JEEE | Model Averaging

33


http://lianxh.cn/

ERAEEHEER.E

www.uone-tech.cn

MA BfiJ?
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o SEULIT - RIREEIATREM
o BUREDHT

o fRfEMICI

o’ ‘%ﬁﬁL TEHENEZEMLCE (PIP-BMA; W; —Bootstrap MA)
o IBIEXILLFNLEUE

. j‘ﬁuJ / T‘|‘7)E='I§ =

o EFHEMTT = El(yi — v )|T]

o ZEPTF Lasso (CV - \)

’

lianxh.cn E=E#E | Model Averaging
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MA: Stata SC¥E (1)

sysuse "nlsw88.dta", clear

*-0LS

gen black = 2.race

qui reg wage union hours black tenure

keep if e(sample)

eststo OLS1: reg wage union hours

eststo OLS2: reg wage union hours black tenure

lianxh.cn JEEE | Model Averaging
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Ij venmeninmas

MA: Stata SCiE (2)

*-Model averaging
global cx "hours black tenure"” // test variables

bma wage union, auxiliary($cx)
est store bma

wals wage union, auxiliary($cx)
est store wals

miinc wage $cx, all(union) reg(regress) ic(aic)
est store miinc

lianxh.cn JEEE | Model Averaging
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MA: Stata SCiE (3)

(5.58)
0.0422%%*
(4.56)
-1.356%*x

(-6.55)

0.179%**

(10.88)

4,891%**

(13.54)

local m "OLS1 OLS2 bma wals miinc"
(1)
OLS1
union 1.378***
(6.26)
hours 0.0539***
(5.66)
black
tenure
_cons 5.221%%*
(14.07)
N 1867
t statistics in parentheses, * p<0.05,

esttab m', mtitle('m') nogap compress

bma

(5.58)
0.0421**x*
(4.49)
-1.355%%*
(-6.55)

0.179%*x
(10.88)

4. 894 *x
(13.40)

(5.71)
0.0419%**
(4.53)
-1.281%%%

(-6.19)

0.160%**
(9.76)
5. 000%**

(13.85)

(5.58)
0.0422%%*
(4.55)
-1.356%**

(-6.55)

0.179%**

(10.88)

4,891%**

(13.53)

*%% p<0.001

lianxh.cn E=E#E | Model Averaging
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bma Z5ERIER

sysuse "nlsw88.dta", clear
tab industry, gen(dum)
global cx "hours black tenure dum*"

bma wage union, auxiliary($cx)

lianxh.cn JEEE | Model Averaging
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Model space: 16384 models

BMA estimates

Number of obs = 1854
k1 = 2
k2 = 14

wage | Coef
_____________ +

cons | 6.357651

union | .8269925
_____________ +

hours | .0333596

black | -1.232202

tenure | .1513812

duml | -.3363967

dum2 | -.0105626

dum3 | .030671

dum4 | -1.303369

dum5 |  1.944851

dumée | -2.347272

dum7 | .1341793

dum8 | -.1527826

dum9 | -3.180391

dumio | -.0216761

dumll | -.8434916

.915286

.4179666
.2399515
.4657277
.5683615
.4099492
.3762751
.4327174
.5961395
.2216672

.388299

.5171292
.2140942
.0110856
.2032808
.0163189

5.840522 6.874781
.6128983 1.041087

.022274 .0444452
-1.435482 -1.028921
.1350623 .1677001
-1.251683 .5788893
-.4285292 .407404
-.2092805 .2706225
-1.769097 -.8376415
1.376489 2.513212
-2.757221 -1.937323
-.2420959 .5104544
-.5855 .2799348
-3.776531 -2.584252
-.2433433 .1999911
-1.231791 -.4551926
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TABLE 4 Baseline model results

Shadow1

PIP Post mean Post SD
1 GovCon 1.00000 0.51614 0.04432
2 Trade 1.00000 —0.05673" 0.00649
3 RuleofLaw 1.00000 —5.54624" 0.60854
4 WorkPop 1.00000 —0.58846 0.08395
5 Unempl 1.00000 0.20968 0.03472
6 Licens 1.00000 —0.36236" 0.05658
7 StartBusin 0.99986 —0.72017 0.15475
8 BurCosts 0.99934 —0.15682"" 0.03605
9 TopMtax 0.98539 0.23852" 0.07357
10 GDPpc 0.98091 —0.00026" 0.00008
1 RegNumber 0.81982 0.18666 0.11618
12 TaxHours 0.76745 —0.00116 0.00085
13 PolGlob 0.73802 —0.03785 0.02864
14 TaxCompl 0.54494 —0.13438 0.15028
15 FDI 0.53152 —0.01792 0.02048

Source: Zhanabekov (2022, PDF)
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