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Abstract

Partial least squares regression (PLSR) is a sophisticated multivariate analy-
sis method ,which was first raised by economist Herman Wold and others in Swe-
den in 1964.1t is Mainly used to solve multivariate regression analysis of multiple
variables relevance or variable sample points more than the actual cases. As It
combines multiple linear regression analysis, principal components analysis and
canonical correlation analysis of the basic functions of integration. Therefore it is
known as the second generation of multivariate statistical analysis. The method
has been widely used in chemical measurement, industrial design, econometrics,
and other areas.

The main content of this paper can be summarized as follows :

The first part deals mainly with the partial least squares method of history
and current situation as well as the recent hot issues summarized.

The second part details the partial least squares regression to the basic idea,
mathematical principles and single dependent variable PLS algorithm is derived.
And the method is used to control for the study of sandstorms, finding inhibition
from the fundamental approach is not treating the desert, but to control and curb
the desertification of land bare farmland dust.

The third part of the regression analysis, there is often too many variables
exist between multiple and related phenomena, In order to find the variables
are important among all variables, this paper presents a forward-stepwise-partial
least squares, and the method carried out a detailed theoretical derivation. Mean-
while,by the use of SAS software, the results showed that this method is easy
to operate with a certain practicality. In addition, multiple indicator system
to establish a comprehensive evaluation index, often encountered indicator vari-
ables exist between multiple sets related issues, and the traditional principal
component analysis does not solve the problem, according to this situation, this



paper use PLS Path Analysis and Construct comprehensive evaluation indicators
for China’s western city’s comprehensive evaluation of empirical analysis. The
forth part , Partial least squares regression is unable to predict the future value of
the issue, therefore we presented the PLS and time series forecasting model. On
one hand, address the multiple factors related phenomenon, using partial least
squares regression modeling, so clearly the result of variable factors on the extent
of the impact. On the other hand, according to the data form factor character-
istics, using AR (p) mode! for the future-value forecast, then their generation
has been built into the partial least squares regression equation which forecasts
the future value of the dependent variable. We used the method to analyze the

water consumption of Yantai City.

Keywords: Partial Least Square Regression, multivariate collinearity,

variable selection, latent variable, principle component.
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R7: FARHSEHORER

Variable 1, T I3 T4 Ts Ig 7
tE -419 -0.02 -486 -3.16 1.80 18.09 -3.49

pfl 0.0019 0.8269 0.007 0.0102 0.1028 < 0.0001 0.0058

B ERA, & o =005 BAFT, HEERR 2,2, NEES y EEHEXNE
E T1,T3, %4, T, 27 - ﬂfuy

—0.837z; — 0.838z3 — 0.707z4 + 0.985z¢ — 0.7412

+/0.8372 + 0.8382 4+ (.707% + 0.9852 + 0.7412
= 0.4526x, — 0.453x3 — 0.382z4 + 0.553x¢ — 0.401z;.

1 =

o it HPLSHB A RS ta:
HAFRNUR ¢, DEETROETE z;, Wy XF ¢ ¥ z; B TEA,
EEZEWAKTF a =005 FEH p AT

*8: BNRHBENRRLR

Variable =z 9 I3 Z4 T5 T 7
tE 0.51 1527 04 117 033 759  2.04
pfE 062 <0.0013 0.702 0.8723 0.7462 < 0.0001 0.0722

B LR, 7 a=005 BIKET, AAXE 1,5 5 t, EEHX.

0. 196.7.712 + 06523?15

Ny
= 0197.‘171 - 029412 + 0.207.’173 + 0174.‘1.’4 + 0.683276 + 0.1833:7.

o I HPLSHIBE =S ta:
HEIFUIEE ¢, BEERRODE o;, My 2T ti, 6 M z; BB TE
R, ZEEHKTE a =005 ZFRY p AT

R PIRRKSERRBER

Variable =, ) T3 A Zs T I
tE 233 253 23 =275 -052 253 -1.82
il 0.048 0.0353 0.049 0.0249 0.6159 0.0354 0.1057

16



HERM, & a =005 BKFT, REER 51,72,73, 74,26 5 ts BEHX B

BL -,
0.15909z5; + 0.23995z2; + 0.17944x93 — 0.14673x24 + 0.75893z26 -

v/0.159092 + 0.239952 + 0.179442 + 0.146732 + 0.758932
= 0.329z; + 0.282z5 + 0.3623 — 0.0524 + 0.73z¢ + 0.1324.

o HEPLSH B ES to:
BAFRINNR {, HEETRAOZR o, My XT t1,6,t:; M z; BT
B, EEZEHKTFE a=0.05 R p AT

R10: AIBAKEENREER

ty =

Variable = Ty T3 T4 Ts T Iy
HE -0.13 -005 -0.11 -0.42 035 -~005 0.83
ofl 0.9012 09634 0.0193 0.6863 0.7362 0.9620 0.4346

B L&A, £ o =005 AT TF, BERENRELTE. HEH=IPLSHT,
E=HEIE :
=S FIPLSIEIRARAE H7 72

§ = 0.511¢; -+ 0.389¢, + 0.185¢5.
ARG RBIEIH TR
y = 87.75902 — 6.338936z; — 2.07433z, — 10.46856z5
—3.987578z4 + 15.04312z¢ — 26.78028z;.

100

1 2 3 4 56 7 8 9 1011 12

| —— YSTEPWISE —— YACTUAL — YPREDICTION]|

3.1 MBESPLS, stepwisefl SEHLBE

17



B, RRZATERRNERANZ SR RERTRENSHRER, ¥
HESRARENGEEAFTESENXNARER. AR —EN{T
3

3.4 EFPLSEIRI L IE T
3.4.1 PLSHBHA

Wold(1985)# HPLSE R RIS ZEMN T ETHEN4AR. F—BRE
BR(XH “SMNRER” ) BTHEEZRSBERZ AMXER; B_REHK
BI(NH “AHmER” ) ATHRBEREZ MNXE 208 3.2

v v v ¥
X11
X2 o

X3
X3z

/

: é/

A 3.2 PLSE R BB

PLSERBHMGHSBRFH )

BT o MRMEESE J 4%R x; = (.'551,2:32,' o ,:v:'k), KR
zin BA “BEZR” , BEMNBRETPLOUPZER(WDNZBHHESE). 54, &
RS- 4HERBHRARE “—4” O PRAPE- I EXEEZIR—1
REANRRR G NEW, £ AZFR 1, SHBRE ¢ xR, Eid5E

BR(—TERRER
' Xin = minksn + Egn,
o, & MIER O, FREEN 1, REM ¢, HEH 0, LEBRTR ¢ FHEX,
i NEIERE. :
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ATRBR-AZTRRENE UmdlmenSIOna.llty 1, ERNRRTER
ETBAMERS T

~—ie, ﬁﬂﬁ—"éﬁiﬁﬁ*ﬁ%ﬁﬁﬁﬁ%“'ﬁﬁﬁﬁi? 1, HAbRFAE(E
AT 1, BATLOANZ A B R RME—R.

R—HEER LB AR, ik J MERE ¢ ZRAMXR, XA R

&= Z Biiks + ¢ (3.3.2)
isj

HPRER ¢ MKBHENTRST &6 # §) THAXNBRIE, b HEER
.
PLS BR8P IS HMGIH

BEXERERA X;(j =1,2,,J) IMNABEE ¢; #iT6H, aTHE 2 R/
Fik: —HEREEZESETRZ FMXR, XM RERHATHRE, XHHIE
it H—MTERATNRBRRZ EPXBEXRETIHH, ZHHREMET.

1 SR

BER G TURRER 2;4(/ = 1,2, , ;A = 1,2,--- ,p;) BERHAE
KA, Wikfhit RN Y. ATERERETRIREER ¢ RFEAN, Bit,
B

h=1
KA w; AIREAR, BT « FRNETBETIRECLE.
2 ARMAT
RIBLHERBATLLAY, BRE ¢ £ UET 52 XBRINH bR ¥
Tt IRSAMGTBERINBETR, 28 Z;,F
Z5=( Z esY:)* , (3.34)
18,70

AP: B A (3.3.2) MHTERY e FAABERY. e BIVTHTEN:

1 r(¥;,Y)>0
ez = sign(r(Y;, Y3)) = ¢ -1 r(¥;,¥;) <0
0 r(Y;,Y:)=0

,_(Zw,,,x,,,) (X;wy)* | (3.3.3)
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RA: sign REFZRY; r(Y;,Y) BRIVMEHRBR Y; 5 Y BHXRE
MTHNERR w; G KA TIER:

w; = ;ll.xfz,- (3.3.5)

Hb, NEME w; RREX; § Z; HXRE NTHELHTER KL
w; & Z; ¥ X; fERB/D_REIEME— MRS OB, KWED_REHE
B MHRE. '

ZLEFR, PLS BRMTRABAEERTREEZE, RENEBEEN
V8, ARMERY SRR, AAPROT.
B—F BARY; HWHREST 2,
wk B (3.34), iHH Z; BMEHHE, &

Zi=() exYs)
#8510
KH: e = sign{r(V;, 17)).
F=F RE Z; MaHHE, BdA (3.3.5) HHBERE v; A
1

T
wy; = -X; Z;
A A

FNF MATHBIG v, B (333), HEFOY; A

Ps
Y; = (3 wmzi) = (Xyw,)*

h=1

BRFE =, B3 BRI, URLHBIN Y; FAXBER ¢; M5HE
§i-
Bht BE ERETEE ABBEER ¢ B, SATER P -ROE TEH
ik, FRiGHE (3.3.2) PRSP RE
3.4.2 LIEHHT

THEUPEES 12 HHMNRBAT LM, 1Y PLS HRHALHRES
WA TR B AT AP B9 A SCR FILV-PLS1 83K 4 AT M .

%7 RAPLSE R B X 424 5 H AT WG, AR 2005 4F P H 7 8
11 4/K /BT 0402, RETASAERETM: LE 1.
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£ 11: ABE/K/EHBEN/ZAFNEEELEXE

TR | BETEES o%E
AF3 GDPR(TT) xn
: ﬁ’:* Ecomomy | AFEEREBAGT) -
% MMW(J:E) X33
alemkx| . BRLARIHOD %1
ol 4 Lvig | AREERBRHOD) n
b ARG =
— TR ) AR RERITRCA) |
¥y Education | FHHEEHT) X3
BAALRERERS) |

X ZHE B FHRTE RS 5HH, B F#T Unidimensionality 1%, £RRAE:

# 12 : Unidimensionality $3%&

ZRA | B—IASNMEE | FERSNEITE
ZHKF 3.452 0.216
AEKF 2.963 0.175
HE K 2.394 0.6172

WM& 7 PRILLEE, =AM B4 K Unidimensionality ﬁgﬁﬂﬂTﬁﬂ T
MRV SN APLSEARHERIE 3.3

X11
X12
X1a
X2

Xz

X

Xas
Xz
| Xx|

3.3 BWGA B RR
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XA NEXB#ITIRAEALE, REFA PLS BERNETHH. HHER

& 13.

#1334, FHERESAHNNBEENMXBENER, RALEER
REFNBETEXRARCESHEER, AN, BEE & M £,6.6 NETEA
HREE R =096, BY, & X &, 6.4 HREBEMASE, TUBRKERNX

FRZRHES.
R 13 ERNSMERBRTRMEXRE
BRTE Bk $iEKF HEAF
PUEBi R 0.503 0.381 0.326
AR ABIAR|FARE sAA
- Af|@E ;g fﬁ £ | TE| AR Iﬁ ARE
GDP [ % * WA | T HE | BEW | HER® B HIER
fiiars ¥ O|A | %P #
e SRR | 0.438 | 0.428 | 0.269
RE S EKF 0.371 | 0.406 | 0.355
HEKE 0384 | 0.796 | 0.062
s % xR | 0.961 | 0.837 § 0.785
R Sk 0.885 | 0.97 | 0.933
AT 0.576 | 0783

i SRR AT DR A SM R B B L SR & R B BT KR
GEERENE/ERN/EHBBRRARER 14.

% 14 18 11 WMiiEEHAE

BIX/HET | B9 | 5oH2 | 4/K/EREW | 85 | HZeH2
il 1.92 1 i 071 7
J: ;3 0.62 2 =¥ -0.82 8
HEL 0.48 3 i} -0.87 9
el | 0.37 4 Hw -1.31 10
B 0.24 5 "M -1.46 11
HH -0.06 6

LR, TUEHERE MR REOFSER, ATEHAFANERR
BR ANBKE, A TRURAQREYHT ESWRRPREHES.
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Mg ALFBPLSHERUNREE MK EE/K/EETHITTES
W, B EAL T T HEREERT E I BREZANXARRSEFEF
MR Z RIMXR, TR B RETRNEBHEHFETNEL, Eﬁiﬁkﬁ :
B LRREERLHGER, ATEMERTET SR



FNF AR(p)BAAMME N —RE AR SHE

§4.1 B {R] R 7R ()

i IR 5y TR BAR AN, X —REERERH AR TRPE—
FRIMZ AN ERZLER. MASHXRRYESHETEHMRIX—F
FEREAZARE, REH BRI OB 0 T 8T Rk 2 M TR (E Ay
.

N TR B BFF ., §ETEHGN P, i, R,
BWES, HHE WENRESE, RE, ARES, FFEFREATEL. 3
238 PR b AL B S 2 2 W F AR S0 W DR R TR FIAR (p) LBV 4T o 0, R
AT SORT LR B ATCHE MR i 52

T/ 44E Z I Box— Jenkinsft (8] B F g 7 15190

—. W RS RAE AR

—. EREIEE R,

= IREHNBE;

FR—-RBERE S EH R E PSR A T, PR_AEEAN
BERRRFARERFE, wTEES RS, @3 HAXERRHEXEY
o, BEBERNER, BE—SHMRER, 7 AR RS M itER
KRG BRGIRREN E—ERELCEXHN, #ERERF
A BEf i — LB IF B R.

HFEXFHFEFIBREFEEM, AELKE “Box—Jenkins” HERR, 2
TERREZHARE, BREJTFOEY. BENXERFFIXRNTHIR:

1 BFFGETF R TR, BIFRM (AT,

2 HRE MR ZE FFFET 8 XA B AXEREEE NN BRI

A MBRFFIHT HERR, KRMARE,

AR(p) HEmP

p T EEABEMTTUURTA 2 = o151+ P2Ze2 + -+ PpTrp+ 04, P A

BREK, o YARE. AW TARAR o (k=1,2,--- ,p)METHESH:

P



-~

¥p Tp-1 Tpz2 -0 1 Tp

R r(r=12---,p) AEEFEF z, HAHXRE.
§4.2 BIARRDREIBKETAAKREE
1. FRHIEMER

38 3k B M4 T FHHF %(1980-2000)P4, \PEBRTAEF: -, HABAD
B(FN), 2, WEEE>ME(TTT), 15 ITRBLMA), 2 PEREFE
{EGDP(Jy5T), zs AAHEREF BHE(E), 26 HAHHRAKE(L), 27 Ak
KEES(x104m3/d), y K BER(x10*m?). ;
2. TEMKHBLH

HAPEEKETHEAZEHRTEH RELARTFELZEMAX
. BXR z; MHERKETRN(VIF), HEERN (VIF); = (1- B)L
AP, rfRU z; IRZTEHRNHEAZREAAMNENERE. fifrZR
FRKMVIF, EERAREHZREEMAXENERE DEBRKH VIF;
Bid10,80r? <09, RAFTEMXERFELWE M _REME WA

- BEZEFEBEAXRER CHERAR] BRITA, r(z,zs) = 0.998,

Rr(z4, 5)°=0.996>0.9, (VIF)pne=250>10, Bt AR B Z [MHFES B KA.

F41 TRHEXEN
r 5 I I3 7 Iy Te Ty y
51 1
I 0.848 1

z3 0826 0645 1

gy 0.833 0974 0.562 1

zs 0.833 0974 0565 0998 1

zg 0.507 0.577 0.68 0484 0489 1

e 075 0913 0449 0972 0972 0465 1

y 0871 0909 0535 095 0949 0327 0926 1
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3. RAAEEBRND-RE TEHED
KGR/ RIER I ME T EHREY:

y = 36.129z, + 0.00263x; — 0.23575x3 4 0.00373z4 — 2.73786x5
+6.85515x¢ + 41.6762x7 — 13649.6

B ERTUEY, y ((KRER)S 5  ABDBRETBE) UK o3 (T8
B EM R B F% —2.73786 F1-0.23575, RAAYEREF-BEE T &
fA KM, KBRBEERMED, EATHELHE. RHHEATEMEESE
BXE, THERAANRP-REBIEEER, T, 23BAXRHRETE
RTTRRETERE, 5XFERIEEE.
4. B/ Tl HER

DEEERFEN y(i = 1,---,21) BRBEH 7,4 = 1,---,2L5 =

T BITRRELLE, AIAXEBHARRNGEARS R 5 Eo, *

FﬁMatlabT O .

BERERA R, L, BEERLE RTINS E:

Fy = 0.3156Eq; + 0.1519Eq + 0.1586 g3 + 0.2136Eqy
+0.2121 Eys — 0.26 Epg + 0.237Egy

Q@ = —0.07 < 0.095, M=, BHETE, BEHECRORR/ N -RE
B R

¥ = 20.33zy + 0.0007z; + 0.64z3 + 0.000118z -
+0.074xs — 7.44z6 + 10.34z7 — 5807

M EXTLE S, RT et BARKRAE, KKFBREE, 5EGFEREFS.
EABRMRETUEH, BACE () MEKEN (2 HEETREEFAKE
HRAEW. HABRYS 542033, 10.34, 3 AR FHX. REAOBBHK
e R, MEWHEEFRKEE.
§4.3 AR MM EHE T

B RAKIETLUE B EHETHE 0 EREFM Y, lﬂ:?ﬁﬁﬁmﬁ
NP EFAEE, /b R HERTHNEL T, BRREHIEERT
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BlRE R PRSI XHNREFTARBRUAM. ARKHAMNHphAICE
Rz, ﬁ)’éﬁﬁwB‘J‘Fﬁﬁ?Uﬁi!ﬂi%%ﬁﬁiﬂ%l?*%ﬁfb‘ﬂﬁﬁiﬂ!l{ﬁ &
ﬁ!ﬁ‘) BEIEMMERNT. '

X1; = 586.016 + 3.24t + 1.35AR(1) — 0.485AR(2)

R*=099 DW =196
X = —948772.8 + 105196.7¢ + 1.6043AR(1) ~ 144AR(2) + 0.669AR(3)
R?*=09 DW =22
X = 1659.28 + 51.84¢ + 1.026AR(1) — 0.0377AR(2)
R’=08 DW=121
Xie = —12553204 + 1008482t + 1.91AR(1) — 1.354AR(2) + 0.399AR(3)
-, R=097 DW=22 .
Xse = —26372.8 + 1782.97¢ + 1.983AR(1) — 1.526AR(2) + 0.503AR(3)
R*=0997 DW=223
Xo: = 51.97 + 7.500¢ + 0.689AR(1) — 0.569AR(2)
R*=063 DW=19
X = —33.389 +7.24¢ + 1336 AR(1) — 0.61AR(2) + 0.07AR(3)
RP=095 DW =2004

HEARBRMEMNHATRERSE, VMR E H2.36%( H it ),
FREHRMERN R D ZRENESHY, H 5LEHRELR &R ARL2

£4.2 HAPMAENHEN
£ KERNE FARAKE #HHRE

1997 11626  10847.77  0.0717
1898 11536 1120949  0.0291
1999 11276 1136096  -0.007
2000 11309  11852.34  -0.045
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BhF4.20, ML RPN RER1.22%, TURLEN B RKEHYE
K. REAFEXROTMMELY, A HHS ARERRFHORME, AHGR A
%43

#+#4.3 2005-20108 RN

ﬂiﬁ} I Ig I3 T4 Ty Tg Xy

2005 655.685 1207024 2455981 12120266 18830.83 4776.31 138.722
2006 658.040 1270643 2483.229 13012643 20235.83 5506.658 146.719
2007 660.417 1333872 2518.483 13899247 21621.7 6217.884 184.398
2008 662.783 1396533 2544.803 14783473 2300226 6923.797 161.841
2009 665.146 1458786 2569.301 15668983 24390.37 7637.256 169.142
2010 667.505 1520829 2592.305 16557896 25792.39 8364.621 176.375

B BRERAARR D ZREBRY, RIRRFEGHH R AR
BfE, AR LRI,

F+4.3 2005-2010 8T EE FAKB RN
2005 2006 2007 2008 2009 2010

12800.97 13185.34 13540.03 13883.75 14230.85 14584.58

§4.45 RN

MU AR EERTA: o, BADEIA), r, BEB=E(HR), x5
T BRI A KA, 2, BRER BEGDP(A ), zs ABERAS BME(IT), 26
ANBEEHKEL), z; #KeE 5 (x100m3/d), y KEFHFE(x10*m?), #2005
2010 AF B 3B, MMEIG2005-2010FEMREaTFEFR
KB RANK SRMKHE. XiEHRELSNRR, MTEHT kK, wHAQ
A, ARMEFBKTFEHHENKGRRT, S KBRATRELEEL
.
NE;

(1) REA=RERS 44 ERES X SHER y BRT EFHL
MRS, BUREE AR SN TN, HAT B aERNEEHX
A



(2) T EHRTHEEARHKRESY, FTLl, EFAR) BRI & AT
T s se AR AR, BRWURHER S ENMBE R

(3) #(2) P &BTHFABMERAN) PRI R DZREBGE, AHEBRT
Wi /h ZREIEX R KRFRNTAMY, TABE TN Y ERASHEKE.
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B4

AXRELRERRBS-REE, RETRED-RANEBELBE
EHRHR R S REHER R AT OGS, A T R —RGH TR
A NUGE. 55, EFPLSE BERANR MR RS ST T
T, BBHERWT:

(1) KA RN RERBRARENREY BERPROEELE, M T
RANT REETRRYT B,

(2) R R FEIFFIAR BT A RAE H0R A, B, XFKER
6T A EAFHIRER AL

(3) PLSHBRMECE R T SRZ ANER, BHARRE AN EENE
RAEY. |

H— SRR

(- STHAPLSHRME 541y B0 B, FAENZ FNK 55
FHHEMEEA.
() RRACREHEERHNEATR.
. (3) B/h RN 5 ARIMART R 3£ 1 1 [P FUAR A & 0 10 R
.
B FENABER, Th HRRRERET R, BF SRR
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KB HRTK. BEMENGZER, WRNER AENZRBENE
Talig, Faf R FREA, BARGHNERSASAREBEER. 5
RAEZVEPH BN RERNEEHS, BHERZRSL £ RAY
EMRFRBENHENEROHBE BRI ZEROEFRENESR
Z B!

55, EMESRHEMEMNRRE, FRERETRFZEL, BIIRKN
fEATRAATFH B FEXEEES REMEERNE L ESHEMEBRO
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