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Abstract

In statistics, the potential model structure and variable selection problems of zero expansion data are
often studied by means of zero expansion model. However, in most cases, the non-zero part of the re-
sponse variable is quantitative data. A simple zero expansion model cannot describe the model
structure of such data, and the corresponding parameter estimation method is no longer applicable.
In view of this, scholars proposed a two-part model to deal with zero expansion semi-continuous data.
In this paper, the combined penalty likelihood estimation method is introduced into the two-part
model to study the problem of variable selection. A new penalty likelihood estimation method, NCPM
(New Combined Punishment Method), is proposed to deal with high-dimensional statistical analysis
problems. The method is applied to Taiyuan precipitation data and its influencing factors are ana-
lyzed. The results of simulation and case analysis show that the proposed method is effective and has
higher prediction accuracy than the traditional penalty likelihood estimation method.
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HELGTEY, SEMSEKERH A ZEKEEBRENREEEHRZREFEIE. AW, E£2HBR
T, MERERFEFHSAEERE, FENTERERTEZEXRBIRERARBLER, WS H
A EEAEER. ¥TH, ZEROLCEFEKLEEBERRBER . KO8 HSE I BURME
WHEFIABRBEY, HARRBEFRTE. RH—FHRAEREL 4T E BRI RS T
¥%: NCPM (New Combined Punishment Method), }-¥Z7ENHATRKETRKERE, SrHEE
"I"f.l;o B R B 3T R IIRAR LT EATZ A, BAEAKEITIURME T T EREERPM

Xiid

HA7ET], WERIEAL, LLA-CGD (Local Linear Approximation and Coordinate Gradient Descent) &%,
LEERE, BKE
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1. 518

KRR T EREASE I m, JER T bR RREVE A%, DR, AT0™9E. BRE . HHE
WIRZER R, FERAEELER, ERAREEE, SERKEMR. LI, BEERTERETR
AWk, AJLGEH R, EEEAE KRG, F1521E 7T, HoKEnE. 2005 £
8 716 H, KIEWHAM/KEILT]28.2 mm/h, SFHEOERPUK™E, S@EMEBRECNT; 2016 47 HEH
FRWEGGNE TR T BRI IWiTE %, SRSl Ed S RSN AR
FENTK, A NRA R T AT =i HE T RAEM LS4 T . W7 KSR A
75, AMUATLICAREDRER . R EIRAER], T DA SR IR AT e, DUE ATE RN RIGZ
AT REE A AT 20 TR 1 M, B G e N A5 T 5 B 2

R /K AU 2 Y (Y SR e T S B . X B <27 (E HARK L], BE AR A ik
NFE—IELL A, BT DM A A% S0 AR BB A BRAR b R BRI 2R3 BT IX R BR B R Y, X
SE PR — AT A R i —— PR R[] PR R 5 — R R A B R R AR, SR
53 0 T RlR A e AR B (0 0 AT o AR T DATE S HE . AR ST SR R () AR, JRAE
AR A AT EENER . PR, AR 2 M, AR RO
SRAGTHMLE). B8R4t 31[2] (McCulloch and Searle, 2001), &5l 4R 4441 [3] (Yau and Lee, 2001)F1 D1
Wrfltii1[4] (Ghosh et al., 2006)% . M, FEFBAMhTH MR AT 12, FHFEH 2R E TR
¥, 1. Bridge [5] (Frank £ Friedman, 1993), MCP [6] (Minimax Concave Penalty)%%, ©) 72 5 £ fh
3, HES RIFECR . (B4 p> n B R E 2 MAAEBGR A CVER, EIRI7ERIMERe A —
SRS BRE o ik, Zou [7]45 42 H T #PE ] (Elastic net, Enet), % 77206 Lasso A1 L, AT B —Flogh O & 51,
st 1 AR B ) A S P R e 3 R RN . Wang [8]45:K+ SCAD (Smoothly Clipped Absolute Deviation)
5L, A, WA ET (Combined Penalization, CP). {HAEFXT G K42 H ) MCP p& 20 & 7 51 ) i, H
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2. IRBI KRR E
2.1 RBEYT
B Y FoRFE, MRAEPREA A AR, Y 1A T R I R
f(y):;z-*ﬂ(yzo)+|:(1—7z)*f(y)]]l(y>0),y20,0S7Z'£1 (1)
AT Wi, 7 AFFIRAENMER,  f (y) NARFFOERMI Ao 138 % SRR L T REE
HIR A ELEE: logit. probit. log-log %5[9]. ASCiEH logit 1E NS —3 o & e s Bt AT i 7, id
H:

1
1+ exp(oz0 +aTX)

@

z=Pr(y=0|X)=

Holt, o =(0g,y,0,0, ) FFRARTMEHRE o ZoRMIET, X = (X, %X, | %% p MR,
W22 3CHR[10]4 £ (y) 9 Gamma 73, G20 I (1 A 2 2 2 R A -

®)

o=exp(fy+p'X),y>0,u>0,0">0

HBCEISER T 205N u, o, ﬂ=(ﬂl,ﬁz,---,ﬁp)Ti%%ﬂi%ua@lﬁlﬂ%i&, By FRERFE T
WEANI=12,--nf:
1

i :1+exp(a0 +05Txi),cyi =eP(fo A7) @

TR0 IS B B K

L(0)= Z{'(V.—O) log(7; )+ | (y-0) {Iog (1-7)- Iog(gamma[g—:n

n
i=1 i

®)
+%* Iog[%}{%—l}*log(yi)— y, *%}},9 =(ag. @ . B)
22. MIRA=E
X 2.1 5 P A AL () R AN S R B T LA TR BRI B OR A AR T AT A v, B H AR R
Q(6)=-L(0)+3,,(9) (6)
1,u(0)=p,, (0)+ 50" U

2
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RE/ME . (6, 7)) A, v FONIRESHL, y NIEWSEL AR EBh RAEE R a B . p,, (6)
EEL MCP B %, HEain(8). Xf1EM{LZ%y, Breheny and Huang (2011)idtl il y =3, FrbAA
Ny =3, HHEHZEHAL y WTIAAEE, [RMEREAR—HK11]. —FoRE, HESHWILEET
FAMRZ, Wk AIC, BIC, GCV M CV %, AICHIM 10 K 5 I NI IEEE R ESH A . 7
b, B AT A Al 4 57 B8 501G MCP. 451 T1 Hard., Lasso (Least Absolute Shrinkage and Selection Operator)«
Ridge Al SCAD 4%,

MCP b Ht a0 T -

p

0. (@)= (0 i 4.7)+ £(B)]: 7)), 2> 0,7 >0

=

02
/1|0|—2—7,|e| <Ay ®)

p(lo]:4.7) = ,A20,7>10=(apB)

%zzy,|0| > Ay

B 1R T JUMET s B0 R s Al . 455K, MCP. CP FI$Z£H ) NCPM 5 B A Hsmi v i
g, HAERECT T v > 0BRSS ARG M AS T8, 124 v — 0 B &= ARl it .
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Figure 1. Threshold Function Diagram of Lasso, MCP, CP and NCPM
[# 1. Lasso. MCP, CP F1 NCPM B9[S {& & #( &
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2.3.

RIBHEE

Algorithm1 JE™ AR A6 1] # 1) LLA-CGD 32

WN: HEFEHQ(O), WA R, Kk, :

M (6)=-L(0)+3 2] (] +£)

it Q(O) Il /IME 5 @

1:for k=0,1--- do

2: while k <k, do

3:for j=12,---,2p+2 do
4 min{Q(@J):M(6’1)+Vp(‘6’1[k]‘)‘91‘}y Fobe Vp(|6l]) 275 p (6] 2,) 1 0= 01 it —BhE, O 3R 6, =12, 2p+ 21
55k Mt

5. iHE hf”:min(max(VZM (Hl[k]),cmm),cmax), 0<c,, <C, <©. Mc, =05, c, =10°

6: it4 d = argmin, {VM (64)d +%h}”d2 +Vp(

7. if

8:

(k]
6]

)

9}”+d\},d =6,-6Y

VM (61) -6

<Vp

K _ _plkl
dJ _701

9: else

10:

11:
12:

13:

14:
15:
16:
17:

18:
19:
20:
21:
22:

db = —%[VM (61)+ V(|6 |)san(~M (67) + el |
1
end if
FIM Armijo #EMI 5 €, €l =€°0.5¢
it Q61 +¢'d")-Q(o1) <01dAl!, st Al =vM (6]7)d!+ p(

0
91

I

oM gl
J J

0
9]

)

Pl — gkl 4 g
1 ] J 1
end if
end for
if Ha[“” - 9[”H <5

break, 0 =0""
else
k=k+1
end if
end while

23:end for

BOGERRH, EUBE: Avy . $Ke(@=1), 5=l-8,

3. BERMBREGRI

3.1.

R
ARSI — 283 A AV SR R A B R Az AL e 0, RARSRAR R

1)ﬁMWﬁﬁ£:M%E:%Z:“UJﬁf

2) bRifEIRZE SE:\/Zi—l(f(Xi)_yi)

m

©)

(10)
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3) Freq: HLEAZEHHLSCIETR KT AL
4) N, BABRPAEEREN L

5) PRk ME=|o-d (11)
6) AUC: 5 ROC HhZk F 12
) B HI%: FNR=— '\'TP (13)

bt m FRREAR Y, f (%) D BEEE | MEARTIIEAESE; 0 RESHELE, 0RFS
e TP REIES]; FP ONMRIEH]: FN B 6l; TP AR IES]. PMSE. SE. ME B2 EfE A
FSAE S TG 2 AR 2 45 A H5hr, FDR. FNR ZPEREE B484R, IXSSIRFRIERVN, RPHRA
KA RSB EE . ROC Hh 282 DMB IE B 2 R AL bR, T IEBIZ AP ARARAE BB 25— Fh ik % R
ROC Hhkdl 73—k ik se 4 “BaA” , WJEH MR TRl [12].

3.2. WURER

FRAE T IR IR BE N AR BB A2 . R IZA H B VYA AS A 3 55, ANl i 038 A e IR 1 P 4 25 DA B i
THRERE A SCEE ARSI, BN 5 B A ABEHUL 100 (N =100)7%. fEIg5t 1 A1 2w, J3 3 AL Rl 2R B Al
R, HEAER MG, EMAIFEWE FISLABAHR IS, H TIPS SR S Tt se . 5
ANNGREE T 100 DML S AL, TEEAN A 500 DMSLIIREA; fES 5 3 F1 4, B il
PLEE, A X UIZRERREE .

Bl 1 ek, 4 p=50, «;=-05-13102, j=11131,4150. a;=0, j¢111314150
B;=1.49,0.4,-0.01,0.39,-0.06 , j=1,-,5. 8, =0, j#L--,5. 550 5: X = ( VX, ) N,(0,Z),
T, =0, psrHlE0L. 04, 07.

B, 1 B EMRE A A R FEAN[F I D0, 2% J8 111 7 3 ) FRUMIARS B AN AR B i #R 1 R IEAT LUK
e N2, %8 T Oracle it 45 R, B pTA B A EHIF 56 AL [H1H .

Table 1. Simulation results of example 1
F 1 Bl 1SR

P Method PMSE(SE) Freq.(%) N, FDR FNR
Oracle 2.821(3.118) 100.000 10.000 0.100 0.530

Ridge 3.235(5.184) 84.833 50.000 0.077 0.732

p=01 NCPM 2.873(2.380) 88.667 9.731 0.080 0.490
MCP 2.656(3.038) 87.000 9.435 0.180 0.483

Enet 3.011(4.090) 87.000 29.890 0.190 0.610

Oracle 2.172(1.532) 100.000 10.000 0.040 0.500

Ridge 2.413(1.825) 81.000 50.000 0.273 0.600

p=04 NCPM 2.141(1.689) 86.500 9.950 0.030 0.480
MCP 2.245(1.680) 84.320 9.950 0.020 0.520

Enet 2.391(1.799) 83.647 34310 0.160 0.598

DOI: 10.12677/aam.2020.96105 886 I3RS


https://doi.org/10.12677/aam.2020.96105

KBS, BT

Continued
Oracle 1.587(0.571) 100.000 10.000 0.060 0.560
Ridge 1.810(0.204) 74.167 50.000 0.172 0.632
p=07 NCPM 0.527(0.358) 92.483 10.180 0.030 0.390
MCP 1.553(0.553) 89.076 8.990 0.060 0.530
Enet 1.742(0.943) 81.833 26.740 0.140 0.590

M L AR B TROIRE FE 5 T AR, 7E p IEUVE A RIS, Ridge A2 PUARTE 3 75 2 ke i
K. BAR, MESTHIA A ZRARRER, 2RI L R T 24 ) [R5 A 5 58 S ) Tl 5
Ak, Enet (1 TI0INAS E BEAKT MCP Fl NCPM, IXT]HE/2& Lasso &4 1 fmZ VeS| 2. nTLLE Y, Xy
%5 MCP 1 NCPM 2 i fiftt. & TR EEFERIVERE: W RIA(EH AR =W, Enet Wim Ta&5 K%
JUARAZHE, 1l MCP Al NCPM @5 R A S H N E AT R 48, L%+, Kk, MCP Al NCPM i
VUBh 7 R I A Bk R TV

B 2 iz, 4 p=50, ;=-05-1,3102-014, j=1--6. a;=0, j#l-6;
B;=1.49,05,04,-0.01,0.39,-0.06 , j=1-6. B; =0, j#l-6. & X, j=1-+,50 i idlkE
WA, H X ~N(0,1) o AIBEPIRMFL:

1) Hj=7,120, & X, =X 5+n,, ., p(iid)Hy ~N(0,001):

2) M j=7,-,28, & X; =X, +n;» Hh, p(iid)Hy ~N(0,001);

L) 5 Q@M XAAET: @A), BEERRRAAEMCKR, HHE)Y, JFEEA R R HGHKKR.

Table 2. Simulation results of example 2

2. B 2 L

Yyt Jii: PMSE (SE) N, Freq.(%)
Oracle 2.095 1.554 12.000 100.000
Ridge 2.927 1.635 50.000 78.583
1 NCPM 2.155 1.581 11.864 87.083
MCP 2.154 1.579 11.927 88.500
Enet 2.351 1.653 18.635 81.677
Oracle 0.724 0.976 6.000 100.000
Ridge 1.237 1.371 50.000 56.833
2 NCPM 0.841 0.513 6.039 91.459
MCP 1.652 1.008 44.830 0.000
Enet 1.037 1.023 25.379 89.176

B 2 B 7E LA MR AR B () AR (E SRR DS RIS, S 48T 7 v B AR . 26 2 JBOR 7 5281 2 (e
PLLEH . MCP fE35 1 AR Bk R0, HEEgR 2, M TERFEESL, BN
RRARRSIER . R 2 th, 4S5 (Enet £ NCPM W7 ) P BE L 5 i 20— 78 57 247 45
% ; NCPM XX P Al L & 2 deir il e MOX AN, FRATRTLAE H, 7 MCP Hgin L, 651 ] DL 3%
e VR AP e DL - ) 1 v L e M Al A P IR

R ORIGPTAMI T B LE LU P b 44 75 571 J772:(CP Il NCPM)TE p RIS UL R IR .

B 3 7EiZBF, 4 p=200, FISKLESHEM LM
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B 4 iz, 4 X (iid), j=1--,p H X;~N(01) . 4%, % p=100,300,500 -
a;=-05-13102, j=1113L4150. a; =0, j#11131,4150; 4B, =1.49,0.4,-0.01,0.39,-0.06 ,
j=1-5. B;=0, j#1.-5

%3 g THEENINEMBGE R ERE, ROV T RE o A g EA R EIRR TR
BARNE L. BN RERY . WAOEN R EIEREE IR RCR : S IRRE AR & R (14 A T4 0] P b 7 v
AR BB PERE R AN K, X R I EA G IR I (A B R A B (R S 2R M (B8 J7; NCPM LL CP 4 T
TR IR B PR . Bill: 413 p =04 HITEEE N (L 3 3L 3. 417), R¥ o AEHH NCPM J7iERT,
3%/ FDR. FNR. ACU B4 %°4: 0.03. 0.39. 0.93, {i/f] CP J5i%53 2 A4E 435 v 0.05. 0.43. 0.92,
JEH K, NCPM J7iEfE ME. PMSE E¥HFTEGE. H4h, X &% g AR K.

Table 3. Simulation 3 and Simulation 4 Results

3. B3, B4 ER

W i “ /
i & i FDR FNR AUC ME PMSE FDR FNR AUC ME PMSE
NCPM 0.090 0.439 0.890 0.182 0.385 0.300 0.171 0.900 0.016 0.321
o CP 0.092 0.524 0.700 0.285 1.285 0.326 0.282 0.870 0.169 1.746
i 04 NCPM 0.030 0.390 0.930 0.141 0.457 0.280 0.142 0.920 0.016 0.208
(2) . CP 0.050 0.430 0.920 0.165 1.741 0.289 0.236 0.900 0.125 1.711
NCPM 0.029 0.536 0.918 0.132 0.872 0.230 0.274 0.960 0.029 0.151
o CP 0.011 0.374 0.890 0.152 2.239 0.247 0.196 0.890 0.120 1.501
NCPM 0.050 0.020 0.960 0.016 0.341 0.330 0.250 0.930 0.052 0.088
. CP 0.060 0.433 0.910 0.022 1.046 0.300 0.324 0.870 0.089 0.114
i - NCPM 0.020 0.060 0.980 0.017 0.351 0.260 0.020 0.970 0.031 0.062
(g) CP 0.090 0.371 0.950 0.059 0.832 0.285 0.143 1.000 0.054 0.105
NCPM 0.018 0.134 0.990 0.003 0.556 0.180 0.000 0.990 0.024 0.041
. CP 0.023 0.520 0.970 0.041 0.610 0.244 0.025 1.000 0.049 0.067

4. SEBISH

4.1. PEKEEN

[ 7K B A 48 R 25 78 B B TH R A B A (b SR ) K, R&E AR, TR B R R IR
(https://baike.baidu.com/item). 1 mm HIPE/KEZHE: 7F 666.7 m? I, FE/KMIREIAF 1 mm.

4.2. BIRRIERFSLIE

MoK B M ok B4 W T K % B IE E https://www.aqgistudy.cn/historydata/index.php
https://www.wunderground.com/history. A3 3= ZEUEE T 1 PE48 KR T 2017 4F 1 H~2018 4F 12 H #E] K
W, OREWE. SR HEERK. AR, AQL. PM2.5 DL PM10 i H-FIME . BARBEI W% 4.
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Table 4. Description of relevant variables
4 HXTEULA

A h (i) B YL FH HfE Min Max
Y KoK mm TG Hf A 0.821 0.00 27.94
X, T. (¢ H i HfH A 18.231 ~7.22 37.78
X, T. C H AR 2 HAE R 5.239 -18.33 23.44
X, Tor C H i 2= et —4.786 -16.11 7.22
X, T C BRI Ha 8 11.747 -11.11 30.00
e Ty [ T L HfH 0.747 -30.00 22.22
X, WS km/h JRGE HfE A 21.009 6.44 49.89
X, Vs km il L Hfe 24.679 3.1 30.96
X, P hPa SR HfH A 1021.987 1002.03 1049.78
X, SD h EECUNRS HE Y 12.186 9.53 14.77
X, RH % AR E e 52.038 14 93
X, AQl 7 AR AREL Ha 109.426 0 468
X, PM2.5 pg/m? YHATRL A e 57.370 0 377
Xy PM10 pg/m’ AT FORE A7) HE A 121.869 0 473

Fodr, 2018 - 65 KFF/KE KT 05 2017 4 58 KFF/KE AT 0.

SRR S, R3] 730 AAMIIME . A 607 (£ 83.2%)4H N R /K EIEUE N 0. A4k, N
TR RN, BN R TR . ASCAE FH z-score FRUEAIERT GG ERE AR R, HZ ik
z-score BiEGARER AR AR A N (0,1)

z-score FrifEfb A AN :

(14)

4.3, HBENT

M4 226 SCHR[13]1453 3): Gamma 7 A % B /K B AR AR L& RO . Rk, A Frd
i) Logit-Gamma B 3E 4T HF 5% .

4.4. GERGTRIERLE
izl NCPM J5 0 S it At it 9F 5 Enet Jrikxftt, iR WAE 5.

Table 5. Example analysis results (Estimated value (Standard error))
2 5. LHISHER(EIHEFEIRE))

NCPM Enet
R

Logistic (a) Gamma (f) Logistic (o) Gamma (f)

Toee X

Toin X, 0.274 1.816
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Continued
T, X, 0.017 0.739
Tonean X, 3.522 0.019 0.001
Top X, 4533 0.548 3.144
ws X, 1.732 0.422 0.113 1.774
VS X, -0.033 0.159
P X, ~4.667 -16.322
SD X, -8.493 -1.663 -1.120 —8.449
RH X 12.958 3.606 1.326 11.225
AQI X, -1.266 —0.505 0.006 1.236
PM2.5 X, -2.848 -0.461 -0.144 —2.695
PM10 X, —2.089 -0.539 0.077 1.943

HH ¢ 5B TR B 45 T 50 R S K ERIEM DG, X — IR B2 ABRARRR IR . S A%
AW, ARTEE, KIEF R, KPR ESE S, BKEHRBEC ISR, ESBKERIEL. X2
ARG AR, BRI (] Y E NS SR Ky T2, AR EHBR, FEEKEBRK. HENK SR
IKE AR AR S K ERIEAE S, X505 PR . PM2.5. PM10 13K FE L) AQI
BIEREKERE A XERH: FKBEA LR KSR RIERY, BE2SSH PM25. PMI10 FIVREE, M
MR ER, FEAQI HIMEFEIK.

FHNKIL, IR TER BB TE A2, BRI . W1 4% 5 PM10 1 Logit #8743,
PR T 923845 B4 T 20 ) : —2.089. 0.077; PM10 ] Gamma #5753, FH Wb 77 1E45 2 A5 HHE 2 51 8 -
-0.539. 1.943, RAAFIH Enet 771543 2| Bk TH5S 5L bR B OUASRT

5. &R iB

ARV SR PRI, INER VR RN B AU, 7 THT 2R Gt HUBE 7 46 5 50 oR B B R ALLSR il T 7 VA TE
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