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Ao x 2 —HWF R E F R E IR A T K A A WEE R & A SOR R B A ) BN
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BRE SO RIINAAEF (), HLER 2 ST R TAR 23 0 73k, il DAGE — R 280 A 380 g 4 728 B HE %
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THAET,

IR 7 A B [ 4 R SEUE SR ) 2 T 1RS84 Barro (1991) \Barro and Sala—i—Martin
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ACB, l++18, 1), o K Ay fife e ARt A H ,A>0 WAL E R AL LASSO (e RAFIELE T HAR e &b g
9 1) ST 2030 08 T SRR AR R BORMEN 0, TAIE, 546  FE S B 20 LASSO il DLl
T BE R AR VPRI RE /NG (B0 7 2% 4 v A I pR B A A
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G55 7, BH 7, AT AR BT A5 ST Ak SR A 1 B i TR AR I TR T 4 (8 BERE AR ) IR A
[F) A4 2 32 I FH T I AT T 2 285 e, 30 i & 900 500 B i A 85 s R 04 L R0 A o0 i R 28 0k I Y
SRR PG AT DR R T — TR X, PRI B R AR X, R
(O HE DN DL A5 1 28 Bt x BT IR FREAR X,y I X{EYy, . Hastie et al.(2009) Ut W, 81V B HAT HAK 1 i
FEAEJE Ty 22 A AR K TR A T SO T Al v Bl /N 0 728 A 1T B 3 35025 S AR R A9 TR IS AR 1 7 31, 2248
A A BEHL AR PRI 2 11 3K )
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HERMEEN B W, HE DR EEIRE Y, x, ), B8EE A B A IS BIE L () x), b=
1, B, i —4U B & N AFEA B — SRR AR 2 S 46 A0 1 <Al dl ke, K
FEART 8y} xBTS (1-1/e ) = 63.2% M MRFAEAS ; B JS 46 1T U166 32 17 P 28 4 1 2R 808k 46 | O
P gt — A R BT ) LA R | 48k Al T A AR AR 330 — A A i e A HE DN B2 BT A B A
T 1 f] AP, B 48— Dy k2R 1 IR A A AR e MR AT | B 85 (R UE /N A 4RL A i 22 | ) B S
i3 Boostrap 48 T LA H A7 25 #2851 HE 0 R B R fe b
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SR Z R AR RS, ITTHISS T Bootstrap J7 I REARILAE 77 22 WE R L B XX —[A)#
Breiman (2001)# — L 38 1 T BEPLAR AL (RF) , BEALAR AR 280 T 480k | P9 25 00 5 o) it s 250 4l
1 FH Bootstrap 77 %, SETIR EE B ASBEHLUIZRAE | 7 BEATL AR AR 76 AL 2 g AR 1) B — A 25 s 4R o0 i
HBIN K A e A8 b BE ML L ¢ A ORI R BROE R K73) , IR X ¢ A28 it F- 40 35 43
A R 2 A DU A AT R 2 B AR T 0L 10 5 BRI, R 2o bl T R AR ) i et AR i B LM B R
B 22 1) ) R S Pl A 380 T e ol DT T R AE — A 1 ik A I R 5L A (L I R A

(5) M2 23k #0128 25 30 (NN AL 35 57 ﬁzﬁﬁﬁ*ﬁl,mmkiﬂémﬁmkiﬂéﬁ'ﬁéﬁé&ﬁiﬂﬁ
DR AR ST Ak B 0 R AL T A Ay TR B PR I A P R i R A ) B A 8 I 4%
A KE P G e R B0 , BRI ORI B 2 4 0 R R 0 )2 S5 B E LB AR K
NMERZRAGH L DARFELEA S 0% ,1=1, - L; QT Sigmoid #RAECH X BEL M 21 5 748 &
el AS i 2, =0 (0% ) ; @ z, WAL G 8 B R A M HENIE y=p'z, L SARIEREAR Ly, x ) H 3h
2 2] IR E A OGS B, T AS B HEI pR B, AR S S BT A SO LR 10,

2. M FE

(DSBS R 7 (SVR) KD ﬁﬁ%ﬁyﬁuwfﬁﬁzmﬁh@)+
e, FU B (+)h—AUBEBRE, 1 YRR (OB B AR R, BB g 3 B /ME R bR R e 3

H(B)= 2_1 V., (y,~f(x, ))+7 V:Al ,,\EP V. ()N “e-MNHURRZEFE R ; Ylirl<e B V_(r)=0,

Mlrl=e I V_(r)=lrl—e, A3 T8 FH BB B, Be A3k 1T RIMBOR B AF 1Y Gauss 1% BREL,
(2) BRI 283, 3 R 45 7k (EN) AT LA LASSO 504 1715 (Ridge Regression) 45 & | FLAfE

B AT 24 b e M I 3, = B, 1L 2% BA0 B 5 8 o S5 /MAE 0 F B PR ming 3, (y,—x,B) +
A(azklﬁkng—“ Zkﬁk ), BIFE LASSO 19 LU ARSI E I 17 12 AR5 00, 2% JE S0 L iy ) I | A SC

TEJR S I AL S T a=0.5 X —FEANRGE

(3)H/Ih /T}Eﬂ‘/% /N TR THE (LSB) LA RT S Bl i ad ik AT HIA ) X R AR Jm) R A A A
Wit 4T RT & B — kAU | b — 2B R A 5 22 AT A s 345 0 s A AL | DAL et — 20 L5
Aok R 2 Il ) 0 7 PR A AR A | S T 4R g R B UL L e i D A A R 2 UG A

SR ME, R IEASEML L HX S BG 8 RF Wi id Bootstrap 143 3 22 UCHEN ELKF- 1 19 T A

A2 5 LSB BTSSR v AR A BRI [T 5 AN AR 1Y, 2 UCHEII(EDR A RAREL G B AR T
J X [ GE FEARRAE 9 AN I 30T T 3X 5 20 LSB 45 5t B0 B2 UL TR

(4)M5P-BG 5 M5P-RF, MS5P 7&H Wang and Witten(1997)7E Quinlan(1992) 1% M5 5% 2 JEfifl
AR RN AT RT Ok B4R . MSP 5 RT A W7 T 22 5%, —J5 & MSP fEEA T REA U]
W, HARAJE RT 2T B R/ IME P23 SR 58 22707 F1 TR fRe /IMEZR i 45 05 (77 ) BEAS B R B A RE AR
PR 2E Z R BIAE B A4 kPR 20 I, S AR R 81 H b pR 2

max sd(T)— ‘TL sd(T, )- TR sd(Ty) (5)

Hrpr, w&%rﬁéﬁﬁz?%ﬁﬂﬁ#ﬂxi sd(r)%%/TX]“ TREART v BIREAREZE . 53—
JE Y MSP AR A B LAS | B AN B 245 0 (FREAS ) A (3 0 VS 17 B0 b o2 SO IR FAREAS R o, 19

@® KT LSB PL R HE— MR $2 T1 45 (Boosting ) f# R 1418, UL Hastie et al.(2009) 5 Murphy (2012) .
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P8 MR B IZFREAR Ty, 5 x, PRI BRIA 58], BAR XTI RT, MSP 193X — R fE 4 42
TG HE B . MSP-BG A1 MSP-RF 73 A& B Al (1) MSP 553k 5 2 Q0L Rl B AL AR AR T A 45
A, it Bootstrap A Bl AE ,Tu%@ﬁﬁ@%@‘fﬁ%ﬁ%ﬁﬁ@%%ﬂo

3. BRTENHFSFIE

LASSO J5 ¥E LG T8 5 HF Y I 38 8 SR LS FR4E (A0 Varian, 2014 ) B & AU R BN B3,
LASSO 7E 3153 R4 m i B (1 HUE B 20 Bk B2 1 /3 o 0, 7EX — i B b AR SO REURSE ik
) 0 MR FIAE N e N TR BRI A B 0 pY AR LI IR SRR 4 O R T R AR
J¥ LASSO —%,

XFF AR B4 LR DL & MSP-BG MSP-RF FAN 7 % | o H 000 ok £ # 2 34
S T USRS R 45 40 S 45 A0 I 1 i B A o AR BT — A B M HE) T B AR R AR
VTR AR o FR T — R e SR v TR — 8 1T R B AE 255 ) DA RS S AR R Bt L AR AR o ) —
AR B AE A (BEDL ) BEAS TR BT AR B e AR X 7 1 467 3 v] RN TR] | DRt ) A ST SR 75 B — AN AR i 48
s R A e A5 e ) L

X F AR A SO R — AN AR AR BT A IR 20 45 0 X R AT (X 1) AR RN I R DA &S Y
Bt | DA IR Ay 2 AAF B 19 B ZEPE (Breiman et al., 1984) 55 i A A BRI X 17 A4 9 0 PRI o o &
B TR/ IR THE R UGE M RT #4785 RT WHET Jrik nl it 47 AR 2

X F AL AL AR | BT B 45 B BEDLIH IO AR A A B IF B R —A B Bk AR A Th 4R
ST T4 LI B4 B HE B 33X 5 2 B HEBR I FE R (Out—of—Bag , OOB ) I FHFxF [N B 647074k | I H.
HF&AS IR RS RNEESEEA N RE Tk, A SCGE ST 5 3 3847 48 i {7
(Breiman, 1996,2001 ) : OFF5355 b B 7= A (9400 oA 5507 OOB AR AR Hp (9 48 I 152 25 @ X T 560
HYAS B w, 15 OOB FEAS rb B AL 48k 3228 S UL I AFL A B | S R 4 8 A4 Bl ) AR A 3 5 1 7 190 4 ) 25

% @ HAR PR 2 19 200 UK A, 3 T A — Ao k=1, K AR SCHFST BT A ) b=

1, B BFMEA,  IELLA, B R/NIUT s i K ANE R T B0, A SR s i BN % R4
1H 3 4 U I T 35K A ik 8 A 2 DR 2R 25 TE A AR R A X IO O 2R (R 0012 o, 13y, 22 T )X

KR, FEIAREETE RN TR, E A, 0BRSS LML R M5P-BG 7l M5P-
RF A8 R i 5 Bk i —3,

PIEE 5T B — A AR A b PR 4540 | A i R A8 1 3 o vh [A] 23 b 28 e R i A B B
ZLHEN B s, B 20 R B AR R AR E R — o PR TR B S R R A 2
KT R R RS A U A — KRB (B R AL o) | TS 28 0T 31 Bl &
WEME , L E At — KRR G, PRI, — 4 167 (58 A% 28 2 o 2 00 B 7 i st e — A8 B AR IR
LR AR S BT R i) F B (BRAEAL S ) AR IT SR A, BRI & A SO T an ™ ARG — AR
B, =Y, o, T e =Y b, I ¢ T RERRERAE N @, =10,/ 10,108 0,
th & REbRfELTS B,

S M), SRR FIEW N B B AR A e R e AR SO R Wang and Witten
(1997 ) 1y JEL & A7 St B A8 F %0 T 4R DU R 25 7 B 0k BRI F 38 3 Bootstrap f4 1 F B AR AL
A, TEFAMREARPITRLER 28 & x, ZHMYHABAZ ST, JEH SRR IE REOTH 2R TR
R, X —R? 5ARATAUUF FEARIR? 09 22 00 LR L TIZAMEA T A8 & o, BN B 4% B B
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FEAS B A& AU REAR T AE 5 &, RFIAY R 22 FEIBCF- 2 | RV n] i 120708 B i o 2

4. FiEING

AR A iy B A 1 40 55 BE AL ARAR | OR0 VR R AR S5 A 5 Ak TR AU AN A 5 1P 1) R F) N5 5K
IR RE 2T il P2 AR A 1 A 2 MR DA T 9800l 22 | SCRE I A Bootstrap 80/ #E I p& B 5 1 5 22 5 A
Ji L, MSP-BG 1 MSP-RF 73 5l 2 4% 5 BHLAR AL (9 90 8 DRt — 4 i TS M Rl X
—REEYEA HAR R IRE, S/ AR THE AR B B R B 5 1 S (7 22
BRAIFE, LASSO K EN HAIRYF a9 28 f HE PP 5 se D g (B 5 IR LR AT | b 25 0 268 06 PR
b B ARG Y A T e AL G R BB N TR AR R R BT T AR N AR S5 R A S i
PG5 ZMAEA AL PERFAE A IR, SVR J5 16 i) LAAL B AR Ze v | (405 RGP AR XTI

5. MR XBHIENES

10 R 5504 0L R 730 R — A A B A AR R eR B, Ol TR AT R O | 4 T R A A PR
BN REE | AR SORBU— 5 109 7, 6 46 A M A8 B A FIT e M PR R AT — A 0 ST, X — 40 3
D5 T H B QD5 AR RS s @I AR 227 B A G BT B AR R 5 B0 ik HE T pR ER A 2
P AR LT,

S B AN A5 B AR TR ) A AR SR B — A~ U i S BRI £ (. ) PO FS AR R o, Y
VERT, PR R B2 0 B A il B SO RE A0 R AR B8 AT AR A B8 o o, MO RRSSCT) AR S An T 28 =0 5
PAAR i ) BE I 7K F-{A (Average Explained Prediction Variation) :

2

N
1 A
N Zf(xli RN ARE AR RN /YY) (6)

=1

AEPV(f;k):Z{/— 21‘, (f(xi>
Horfn ]17 3 P e sy oo VSR T 250, FREAS A S FEREAS 1 ¢ DX £

F Y HITTHR BT 2 25 WL T o, FEIZREAS 45 A0 3T HE DB ) BTk, — 28 a8 A A8 B A 1 it
¥ )% (Average Prediction Variation) ;APV(]Ap)=]17 Z,N:] (f(xi )_]17 Z/tlj?(xi ))2, V)T T AA AN AR
1 H 43 EEf# B T B (Fraction of EPV) .

FEPV (} )= APV (F sk) (7)
APY(])
Rl A SCE SCPIAS AR i IR AR D

AEPV(},k,m):]lv— Zl‘ (fA'(xi )_]]\7 ij( sttt ’) (8)
SN x, ,xmwj/l\/}fi% ) B i B ) B A5 3 22 B VR R 0 B2 (Interactive EPV) ;

IEPV (f;k ,m)=AEPV (f;k ,m)-AEPV (f;k)-AEPV (f;m) (9)
I BEAE A o L g B T B

@ WX N A EOR YRR AR SCTE I SO B A R G2 A RN B A 5 e T D 229 ) )
3l (http : //www.ciejournal.org ) B
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FlEPV(f;k):w (10)
APV (f)

Bofs RS0 A, =F(x, >_11v* 3Gy e VAR S REREASEL xS (B, =7 (o, ) R DT R, JF

3 3 AR A B [0 0 ke 20 1 A e, XoF AU (B 0 BTRR Y, oM A S AR R s F R BTk, bk
B R B T e bR R A 0 i e ok XTI Y 1-R2 WU B 1 AR d R S MR RRAE A A R mT ik
Aff[k]i =a+fB,x,,+e, , i=1,--- N (11)

= ST

ST EAR GBI HLAS 5 > 7 VR AE 2 U A I [ SEUE S B R AN (B, AR STl P B G A 5 SR
AP ARG A | R GERT L E R 10 Fh RO BY e B o ~) Bk I 3 AL Gt o A D7 YA Y SRR B, DL e it
AL 7 > T ik ] LU RS A% 48 J ks du =T 6 1 TR BRI 35 AR SCIE AR e 5 e B 7 12
A SEUE SR I, K 5 FPHERT 5 F 3 G Ge it R Or kA Xt b, LSS Hh AF 5 A

1. HEER

AR EHEAEAS S Sala—i-Martin et al. (2004) TR BIFEARY 145 88 4~ E &K 19 A SEFR GDP
HE (PR L ) S 67 MIBTEMF L i X — B AR R 5 22 BMA J7 12 SCHR I A ) A v B HiE
. R AIE TR SO TR IR AR i i A QRS KR S, R — AR i GR6096 S M AL
N T RENS T S M e SR I SEUE S, R M 28 5 3 S AR SUAE % Ciceone and Jarocinski(2010)
(5328078 B Bk 67 MRS B ARYE R )&, 0 12 41, BAR K5 Lk 2,

ASCHFHE T B3T3 FE P 9 MATLAB HAFEORE P (L, EE490% BEPLARAR P 22 R0 45 55 07 1% I Ry
HT Bootstrap fhEE R 25 5 B — e W REALEE b T 3 R BE LY | A SO e 2 7 19 Bootstrap
Bt BUE A B=10000, AR TESS SR AR (e

2. FIEER

() ZZEEHEY , A SCE il 5 FE LSS 2% 2 T ik iy s HF P Sk PR a5 R (W3R 3), Mk
UL A SCH A T 4 RS =88 0 v A 43 00 B I R HE R AT 10 AR 5 VRS E A S IR I A1
T Sala—i-Martin et al.(2004)ff il BMA Jr &5 BIHHT 10 W35 B i BMA J7 ik, 20w 5k
{4 38 FH 7 e 18 B U2 S5 5 99 A (Posterior Inclusion ) B8 ; Sala—i—Martin et al.(2004)—3L& B 18 /A8
W AAREN,

35 2—6 FIKHLAR ¥ ) Oy R R R AT 10 BB P 5 BMA i 10 428 5 8 A A AR i
By BRI e Ah RS B BMA 5 R IR AT 10 Z by g A8 5 W DL RIZepR i 7EXS T
GEIRZHT, A SCHRRAR 1, BMA J7 1 N BT E RS A &0 ad BEAS B e 5607 O pO A BN A s 1, R
AN RS R B T e 2 B BAT 2 I AR A A e (AR 2 MR e v X R AR Y A 2
PEFFAE

MIZFREERTT I AR O T 10 22 5 rh JA 4 A2 BMA 3578 5 X it 1 [ H R 5 sk

@ U American Economic Review P3| 67 A~78 4 (1 58 51 28 W (b Lol 28 55 ) 0 2 (hitp : //www.ciejournal.
org) FiH4
@ AT 5000—100000 1 Bootstrap AL IREL, &I 3 AN AH I 55 12 1 78 ik 6 4 55 HE I pR B0 G 7E 10000
X Bootstrap flFE T C & HEARE , WIFM AT ERTF R (P ETALZEY W (hitp :/;www.ciejournal.
org) B,
13
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x1 HATE
A A A B Iy A i A A 138 Iy
GR6096 1960—1996 4= A ¥ GDP 4 i#
ABSLATIT 25 Ji 4 X 4 LIFE060 1960 4 1 44 75 i 2
AIRDIST PR 3 T 11 2 v B 7 | MALFALG66 20 4l 60 FAVIERTATRE | 4
BUDDHA B H Ak LA 6 | MINING KAl GDP B 11
CONFUC s 2 L A1) 6 OPENDEC1 1965—1974 - IF i J& 3
DENS60 1960 4F A\ 1% & 7 P60 1960 /N B H 1
DENS65C 20 4l 60 AFACHT N % 7 | PRIGHTS A AR 8
EAST 7R HE HUAE 5 POP60 1960 4 A H 7
GDE1 =] By T 3¢ 3 POP6560 65 % LI B 2
GVR61 20 42 60 FACBUR I 2 5 1 3 RERD SEBRAL A i 3
H60 1960 4F i S 4 5 K -F 1 SIZE60 2535 A 7
HINDUOO EJ R 209k Le i) 6 TROPICAR A Hb XA & L 4
IPRICE1 i LN S 3 TROPPOP PO X T B 4
LANDAREA - b TR 7 YRSOPEN 1950—1994 4F IF AT 4L 3
L IHLAE 54 Sala—i-Martin et al.(2004) 350 H A FT 10 83528 5 0T R 26748 R AT 10 (2 835 1 A8 &
R PE MR Sala—i—Martin et al.(2004)
x2 TENEHRRS
P 2 FR P AR P 4341 44 Fi P ST AR
1 B M s 4 SR/ IRLIEEHR 7 XA K 52 10 | FEE M S
2 UNEE T ) 5 Hh X5 P 8 il 11 ER/AR/
3 IR 6 T 9 W4 g 12 o) At
=3 ERAETEHIFER
LASSO SR ) ESENNTS il L AR AR [y G S7S BMA
1 YRSOPEN MALFALG66 MALFALG6 BUDDHA IPRICE1 EAST
2 EAST BUDDHA BUDDHA MALFALG6 MINING P60
3 TROPPOP ABSLATIT EAST EAST EAST IPRICE1
4 | P60 LANDAREA ABSLATIT LIFE060 CONFUC GDPCH60L
5  MALFALG6 GDE1 P60 P60 P60 TROPICAR
6 | CONFUC GVR61 LIFE060 ABSLATIT OPENDEC] DENS65C
7 | RERD IPRICE1 YRSOPEN YRSOPEN DENS65C MALFALG6
8 | IPRICE1 AIRDIST CONFUC TROPICAR POP60 LIFE060
9  BUDDHA SIZE60 AIRDIST CONFUC HINDUOO CONFUC
10  GVR61 POP6560 TROPICAR H60 DENS60 SAFRICA

T IR 128 it BLTE BMA JEHCEY R 10 W35 728 4k 5 T Rl 2k Ron iz bk

J& BMA #EBCYAERT 10 AR A8, R 4 6,

i UL Bt A 1] | (AR BRAEAS TR 28 5 S TR R DN AR O P AN R i R A (0 28 B S Ak A i i i

A T R T i RERRE AR T | 3R 3 A R s X — R

— U5 8 4~ BMA R EAE H

HApF 6 MR E BMA B 10 051 BEPLARAM I 5B 484200 | B0 b 7R 850H0 2 90 e 80T AH G i
SR R AR | ol R A AR B R AE T 2 IR 0 R W R A 0 R R BE ) 5 > A A DG
A BRI i RERRE AR L — B AT R 3 M RIE W b R T X — A B AT 10 AE R 8
AR BMA 284 H 6 N2 BMA B 10 #7485 3R 3 1 LASSO Mz REFAERZ 5
HAth 3 AHLER2= S LA L LASSO S 80— A DL PEHEI pR EIOh FERE 1 | B 8230 BMA IO ERE 5 E
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*4 HEMAEEEETHTEAEZEEHRFER

M5P-BG M5P-RF SVR EN LSB BLR FMA SR
1 SQPI6090 BUDDHA SQPI6090 EAST MALFALG66 |DPOP6090 |ORTHOO EAST
2 BUDDHA MALFAL66 |PI6090 P60 BUDDHA POP6560 DENS651 MALFALG66
3 MALFAL66 [EAST SAFRICA  |YRSOPEN |LANDAREA |GEEREC1  |HINDUOO SPAIN
4 EAST LIFE060 PRIGHTS CONFUC  ABSLATIT |GDE1 BUDDHA P60
5 ABSLATIT P60 ECORG RERD POP6560 H60 SQPI6090 GDPCH60L
6 P60 ABSLATIT \NEWSTATE |IPRICE1 IPRICE1 TOTIDEC1 |SOCIALIST IPRICE1
7 LIFE060 YRSOPEN  |[LANDAREA |BUDDHA DPOP6090  |GGCFD3 PROTO0 OTHFRAC
8 YRSOPEN  |H60 PROTO0 GVR61 PRIGHTS POP1560 EUROPE LIFE060
9 CONFUC  |[TROPICAR |POP1560 IDENS65C  \OPENDEC1 |GOVNOM1 |ENGFRAC  MINING
10 AIRDIST CONFUC  |ZTROPICS |TROPICAR |AIRDIST GVR61 POP60 GGCFD3

(] Fof 380 R B L YA S AR I, R AR e T R R R R AR 5 AL AR AMRE SR B
LASSO IEHUWHET 10 Z A 8 4~ JE BMA B354 &  H 5 ME BMA 6 10 B F 4 &E, 5X 44
T3 IR AR L P28 I 28 06 45 AT IR X BR e B 19 HT 10 Z2 5 6 M J& BMA W8 b 54
JETT 10 22 W EMS S T R R Tz R T U EH B R I 2 3 R AIE SR R A2 R A [ A
Tia) B ) () [ 2 DGR RE I | DN TT AR IR R A e e i 0, (FUR AR B5 B e UR s KR A FEARAR 5 H
AR 1) i A DGR B R RO 2 4 i BBl Je ik B Ok

YERE T X b 5508 R 40T 5 Mk kS 3 M Geit it 5 iy A8 s HE Sy 45
M AT LU EN \M5P-BG 1 MSP-RF SRR A, EN kU 9 722 5 48 Sala—i-Martin
et al.(2004) 0 H] BMA J7 3845 09 B & A8 &5 | 1 MSP-BG 5 M5SP-RF Zryl £ 17 7 ™ 8 %
i H g ila s A6 ANET 10 BEAE R, 5O, SVR (LSB PIMHILAR 2= > ik GE R 1
A5 3 AW AR YO AR S HE T SRR T A R R R B i U7k [ BLR 5 FMA
HEFE 1 AR HE EREE TRIEANZE L IA FEHDFEER T 8 M EAmE Hrh
A6 AT 10 B EH,

(2)HED PR M, i T VPAGHILAS 27 20 J7 i 25 Hh i FUL6 R ECHE I 8 T 19 A 80P | AR SCR GE X
AN R J7 kA U EL X 2 ) R2, AR e MR AR B (y, ) oy A B — O BILAR 22 2D O 2 BT AR Y

(i=1,-
ST L3 0 B 857, A S0 e TR R BORE AR YLD R2 1=, (r—f (2 ) 13, (=), FErhy o RE AR
i, o T B B O A O A8k SR HLAR AR | LA e s B A v i A b | 902 DURE A 3T
SSR A SRl | R T A 5 399 2 /M 12— JXRG PO 0BRSS AL 38 2607 6 0 10 9 R2 924

FE0 R 1T Z I, 5T LASSO # B A AR AR L2 7= Az (1 4k 00 R 48507 RS- 3R> /N T0.,

X F LASSO Z AN 4 AHLER > ik, H07= Az (30 A 00 o 50 45 T R 4 S 0t v B AR LR PE RS A
R R BB A S X R A R AR AR Y UL 5 1 B0, DR LN B R R LA JE R ERE IR T
BEAS A AR R RSAE . O 1 SIS H A B AS B S P Y 55 — SR TR AR R e A (] A, AR SO I A A R
PEFRFAES B AT 5 S HLgR 7 J7 I BTkt Hh B9 5 2HA0 10 MRS i 7EZR PR IAHESR T | B
A PHEI DR, X BRSO — AN AR AE T AS SCRT RUAT RO e A 5483k BEMLAR ML 5 LASSO
VU TTIETE SRR M RERE 0, Bk 5 LASSO J7 kA B R2 PP B0 AN IS FIE S BeAh AR SR vl LAY
HALIR AT 67 AL B e A S (RS A4 I R B, DA TTT B 4 AT M 25 BB 2~ D VR AT 2t
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50 T IR AR WAy SCBT IR T BRI I R T A L o AR T AL
I AR R (AEZerE ) I DL pR B R? 3 B LA R HE I 5k 25 4 XoF (B 1) F- 24 {H (Mean
Absolute Error), VAT F Bk LASSO ZAME 4 FhJ5 ik | Y REHL AT b A 4 88 A~ B G AE AU 11 A4k
RRAE, L rPonoR2 WA W 22 5], GUM R AR R AL 67 A B AR i i 2 M [l IS S 7Y 7= A T 8 T LR
22 Rl R HRAY HUR B TR AR A B R AR AR X — S WK S B R
HE ,GUM % R> B4R KR T~ BE

x5 ETT R R BE R
LAssO | AR [ sk [ BRLERE | WaM%% [ oud
100 4 0 o RORE A 00 A )
MAE 0.0336 0.0047 0.0047 0.0050 0.0047
.l R? -2.3774 0.8696 0.8820 0.8674 0.8886 0.9135
HEFF T 10 A T A Tk BE A 1A S 4 DU R
s R? 0.5449 0.6215 0.5659 0.5719 0.2141
W R 0.4858 0.5723 0.5095 0.5163 0.1121 0.6236

TE . GUM R — M L M AR | b 1740 3% 4208 67 AN 7E B YL PE M RERL . % 6 [,

5 NREEA WA R B R 2 SR BN R M R Y, OF H R B R 5 S HLER S ) 45 H PkiE
BT RAS & AR SCAT LT B Z W REAR AR 2R R AIE | 1T 3 SR AR AR B e B AN Aff o 1 (), e
O RO W 22 0] LA [l U AR o) T ek B 4005 50 R AR AR (H TR A R A 45 SR 16 W] L i
I A2 AT AR RR A PR R A A Bl 3 4005 S REALARARIE B T T AR £ (0 4 D AR | B 6% B 4
b e FE B P A A DR A O R2ARSRFR AR . LASSO Hi TR AU B i 2 MEARAE |
A SR A5 SRl ELAT I B TR 2R IR 4 3 R e s B DL T DA R AR e R R T BT
AR IR R 5 AT BUBRCR 2285 L HER 5 AT T AE 52 20 SRR MR AR I B R R2, AT D SE 4
HERSECEE M BT LU E S GUM WA R SR EL ) 253 WoR | BRI 459540 HiAh
D73 JIT e AR e 1) 5 R MR A (R 2R PE R R RE T Il VAR AR R A ML AR R T R AR i RO &
I GUM 67 72 5 i BERIOCR |

FoH—HWET 5P ITIES 3 FEG TR T 15 TS B 0 4RI eR B st DA T
% JIT B JBUT R a1 R M R SR R DT AN SR AR AR LG I eR B R R T BB BB G AR B
U B S fe/ N AR T 3K 5 A SCHIT T X 7 R IE A B — B0, 7R85 2 LSB AN W e %
bR A MG ROR | AT B REAR LG S5 2 AR (R —FRAE L0 i T LSB i
S ok DGR i R PR S TR 10 R R S I REAR B RCRBE AT & L Ay 4 R HLER 2
2] 75k MSP-BG 5 MSP-RF MIFEAS N A% B 1 ORFFFE SR K 0T SVR 5 EN J7 ¥ MRS DY fif
T A5 33X 1 I T 3 A A R A A 32 BRI (O 22 A R AR e 2 BB AR ) X TR
P AR LM ARAE I PE B AF AR I SR R = R Ge T i 5 IR R AP W REAS i B 1 T AN A0 TR R 2 /)N
FEARZAF T, 7008 04 it AR S 0 A 1 4 P 4 00 ol B8O RE AR I LS A JEE

YRR ZE T REHT 10 28 REA ARG A B B 19 LSB 77 %6 I A RB AR A b 47l 412 250008 119 S A4
PVRRAE . MR EN 7 %6 B TR R A A L M | s I OR B 3 SR BE AR N LA KO R R A
R (X} He Al BB EN 7 % e 2 T A5 20 (W 400 ok 50, JL-F- O T R 10 fif e As it BT S RURRAE 1 |
WA SR ik, 5 LSB W B A ,MSP-BG 5 MSP-RF X EEA (1) 28 1 8 34 B2 58 S (5 SR AR i | £L &
P2 EN J75, X PR BB T 38 i Bootstrap 2 T+ 91 U= A% 0 ok B3040 6 g A6 /INVRE R TR BB A A5 4L
i MR A LA S 1 [ R [RIS | A5 25 F ik 5 S 4 DUAE 005 AL BE 19 B2 &5, MSP-BG 5 MSP-RF AN ig
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=6 HM A ESESEITE R EHENEHE T
MSP-BG | MS5P-RF | SVR | EN | ISB | BLR | FMA | SR | GUM
FULA A I R BUORE AR N i R )
MAE 0.0047 00051 | 00057 | 00081 | 0.0024 00060 | 0.0051 | 0.0066

s R? 0.8779 0.8617 0.7031 0.6942 0.9749 0.8270 0.8764 0.7952 0.9135

HEFFH 10 i 8 28 A 7 DA 2 P A 00 Ak )

b R? 0.6678 0.7084 0.4168 0.7270 0.5717 0.3311 0.3222 0.7847
W R 0.6247 0.6706 0.3410 0.6915 0.5160 0.2442 0.2342 0.7568 0.6236

T AR 1 00 R 5ot R T A SR TE R 10 728 o8 2 M A 0 g A D D, DA T AR BG 5 RF T
BJE T EER SVR BLR 5 FMA =5 F Rl 10 28 s REAR YR PEHEMI LA 3L BE 35 K e R g, X
HIX EA RN A T SRR R —

(3) HEW R BOCRAE A3 L R AR S HETF FIAULA ROCR 19 50 BT © 28 U IR 8 I HLER 27 ) O ik 7E AL 2R
5 ) RS AN A o M [0 RIS, AT B A L, O Tk — 2D B LA 2 2] 07 s W R A SCR AR
B H B A PR BIOG R RRAE i IBE J vE U RLAILAS S 20 1 T A I HE D pR AR AT T, 2R
HH A O BT R BRI A Y SRR RRAE O

ARSCE I 4 A H BT BT 10 fr kA Lo — R ) B A5 SR LR 7%, RP FEPV —
G et TR TR 10 A8 R T EA (R I LA A HhaRaR 4 ik i BRI R A
LA R AR o — R T BEHE AR T 10 PR A A5 IR SR BT 10 AR 5 T R Y B — 1 2 fif
T 1 A 22 B DN BT B 1) 35 55 1 4.73% 21 BE HILAR AR 19 5 (IR 0.48% , 13 BH 45 b 5 2% 1) 1 0 o
B AR 1 ] 19 38 BLAVE AR PR AR AN S A [A) , BA8 T S REMLAR RIS R BT 10 A8 & 0P 5 — g R
BEST N 0.85% 5 0.47% ., *FHb3R 5 TRk w4~ 75 ik B4 I SR HEMI R g | Ui I B 4875 55 BEAL AR AR
2% 3 3 A R A () ) 38 BN, KRB 5 T 4% A AR A DU A R T

531 PR TR B 40 412K A X A AT DL LASSO | R AR £ A% vk 5 BEHL AR MRk BIr iR
I H B 2 B AR A AR P A H AR B IR S N DS DX A BR y SE T TE  BE Z2 i B ik
PR IR IZ AR (Spolaore and Wacziarg,2013) , V& T8y SUIG KBS 2K 5 n A8 7t FEH
P60, Bl 1960 /N EHE R, Rl 1960 4 A3 GDP(GDPCHO0L ) M AT 1A 45 5 15 BEHL )
B 10 ffREAR AT 5 | H BACAE F 45 5 ik N HA AT 10 R B A AR BLP A0, X U BT B
AR ) L F R AN | B 20 % 39 K A X IS SRk A L AR T A S R AR B A AR X AR AR S

F 7 NL 0 —F0 5 T 45 4242 5 A8 AH I A0 R B0 AR S R AE | 07 818 o b I ik
K 10098 25 (11) 205 B 1A B3 19 R, BR 2% LASSO J7 i B 2 M4 I oR 850, SRR MR B 0 2
Gb HAl 7 R BB — AR M RRAE . L AR 0 SR M R AE SR, 2T LT 10 £ R
AR AN AR T 84900k HARR A S, 52 A L, 4875 5 BEAL AR ML 5 65 Bootstrap AR
D P T TR D A B B S AR AR A A P AR e 1P Y AR LR MR AR A IR R R
A P2 I 25 7 A T HE I R IO RS AT 58 AR ZR MR AR | A8 B 0T B AR R R RFAE A 209045 4%

@ X I B 5 i AU A R R i R R UL P I R 285 ) I 5 (http « /Awww.ciejournal.org ) B

67 A~ 4 Y S B4 A DL (b Al 2 5% ) I (hitp  /iwww.ciejournal.org ) B AR A2 S HE S5 B #E0 R HRAT
RUTERY S5 AR 38 7 TR ph & R 2 i 4l R 2

TE UL E Al 256 ) B3 (hitp : //www.ciejournal.org ) B . GDPCHG0L AN AE A 45 W 2% J5 1k T 1 Al F¢ ) Hi
FATH AR I s 12, 72 H Al 3 R 5 2 o LR R D BE R 20 Z b

©)

@
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AT ML B 5T 4 Bl LT T AT 10 28 58 09 P9 W9 52 B AR A G IUAE 9 BTEk . DM
BARFHIES | AR TR B i IE S E L BAEH, 5N LASSO (487 5k
MLARMRIE T WE BRI N ER , AW A R A A EEHESRK, NIFEER, E48%55
LASSO HfFTE L HAE R T 290915 B0 Bk R 3% 7 44 Hh i B — A8 A B8 0 | T WL 38 B A ol 4
B STER AT AR & W MR EAe T BEMLARMRIE 5 LASSO =R ik, — A% A FRAE 2 1 2 1 28
HAE S Sy BRAE [ 26 1 sloAH T 200 A8 e 22 8], Al % XAk (CONFUC) M3t (BUDDHA ) 5
LK (EAST) =3 Z (8] 5L 2 B B P W IR m1 38 B VR . 280 JER AT A2 (MALFAL60)
51 A (LIFE60) Z 8], A7 TEAR 38 0 1E M 28 AR, 3SR RRAE U B | 78 2 35 48 K 19 IR )2 I e o
PR 25 | A [) 2 SR8 22 U PR 26k [) 288 500 AR ) PR 3 22 T ) 28 T A PR X 48 3 3 1 EL A T 9 0 6 S
R A, 3 A 1 B 0 e T P s 2 P A TR (% 1855 ] S IR A 9T 25 25 o 728 W 4w TR 2 TR e D) R ) 3 ot 28 B K
o7 7 Sf 1 B R

®17 LASSO. M3k ERESHEIRNERN 10 BRTEFHENE Ha. 8oL

LASSO FEPV | NL MU FEPV| NL BN FEPV | NL | BE#LARMEE | FEPV | NL
YRSOPEN 0.88 | 0.00 | MALFAL66 | 14.63|72.65 | MALFAL66 | 2.10 | 29.15 | BUDDHA 0.95 | 24.74
EAST 2.31 | 0.00 | BUDDHA 12.68 | 24.68 | BUDDHA 1.91 | 2348 MALFAL66 = 1.02 | 26.89
TROPPOP 0.00 | 0.00 |ABSLATIT 7.19 1 99.93 | EAST 1.32 | 4.53 EAST 0.65 | 4.10
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Model Uncertainty of Cross—country Growth Empirics: Machine Learning
Perspective

LIU Yan', XIE Tian?

(1. Center for Economic Development Research, Wuhan University, Wuhan 430072, China;
2. College of Business, Shanghai University of Finance and Economics, Shanghai 200433, China)

Abstract: In the past three decades, around 150 factors have been proposed in studies on economic growth.
Due to the limited sample size, model uncertainty has become one of the major concerns on analyzing determinants
of economic growth. Different from classic growth literature which rely on conventional econometric techniques, we
explore and discuss potential contribution of machine leaming on this topic. From the perspective of small sample
size, variable ranking, and nonlinearity, we demonstrate that specific machine learning techniques are capable of
dealing with model uncertainty. We contrast 10 machine learning techniques with 3 conventional econometric
methods using standard data set in the literature. The results show that bootstrap aggregation tree and random forest
are more robust on capturing the nonlinearity in the data, hence, are more effective on ranking variables in small
sample size. Our study implies that the machine learning techniques can be useful alternatives on studying
economic growth.
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