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Hierarchical Partial Least Squares ( Hi_PLS) model analysis of the driving

factors of Henan’s Ecological Footprint ( EF) and its development strategy
JIA Junsong

Center for Energy & Environmental Policy, Institute of Policy and Management, Chinese Academy of Sciences, Beijing 100190, China

Abstract: Ecological footprint (EF) , as one of the sustainable development indicators, has received much attention. To
find out the main driving factors of EF can help us design the scientific and rational countermeasures for regional sustainable
development. At the present time, most methods in the studies selected single or several indicators, and few research
comprehensively considered almost all the driving factors together. Another, most studies had still used some familiar or
common methods. In this paper, a new method Hierarchical Partial Least Squares model ( Hi_PLS) , which roots from the
classical Partial Least Squares model (PLS), was introduced to go on studying EF's drivers in detailed. Henan Province
was taken as an example for the specific case study because it has the largest population and typical significance in China.
The related social, economic, population and resources, etc. data ( totally 28 indicators) from Henan Province during 1952
—2006 were collected in the computing process. The results showed ; firstly, compared with the classical PLS, the Hi_PLS
was more effective and convenient, and clear to explain the results; secondly, the non-important driving factor of Henan
Province’s EF was the total sown area of farm crops, which was the behalf of Henan Province's agricultural resource status
to some extent. All the other factors can be considered as the important driving factors, and they can be sorted as the
following according to their importance: (1) transportation activities, (2) population growth, (3) economy activities, (4)

education activities, (5) medical activities, (6) post activities and (7) investment activities. Moreover, the importance of
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the anterior four driving factors was significantly greater than that of the latter three ones. Thus, the first four could be
grouped as the most important cores of driving factors. Based on this point, some specific countermeasures for Henan
Province's sustainable development could be put forward as following. First, transportation activities were the most
important driving factors of its EF. In the future, transportation efficiency should be improved and technological strength be
enhanced, which including reducing unnecessary and inefficient transportation activities, such as passenger and cargo
transport, and using the cleanest and most low-carbon transportation tools, etc. Second, population growth was the second
of most important driving factors. In the next years, the rate of population growth must still be strictly controlled. The family
planning policy should still be fixed as the basic state policy and be implemented without any exception. Third, the
economic development activities in Henan Province coming from industries were the third most important driving factors of
its EF. Thus, the fact indicated the economic growth efficiency in Henan Province should be enhanced. For example, the
economic growth way or industry structure should be actively adjusted so that some high-tech, low-pollution and low-
discharge industries could obtain rapid development. Last, education activities were the fourth important driving factors of
Henan Province’s EF. But education activities’ increase could be considered as the result of population growth. Besides,
the importance of the latter three driving factors was obviously smaller than that of the first four ones. Thus, no policy

suggestion be put forward from education activities and the latter three factors.
Key Words: ecological footprint; Hi_PLS; driving factors; Henan
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ARFNGENRAE PRI I S5 F T SEBR A] 3845 0 S A W A 7 T b SR S AR A T H A8, AT S 45 7 DXy mT 45 25
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ARG BF (SRS s A Akpn ™ SR FH IR R AR S it 1 28055 R RBIRZSHG B N D BB %) EF K
ShAE R s JEIACE ) S 2O R FHAE X AT 07 R 0T T N VB, 0 R SRS EF IR SR F ; iAo
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Table 1 Variable’s abbreviation, specific connotation and corresponding sub-blocks of the driving factors
P 54 P TR FebRE i ] X
Num. & Name Connotation Indicators’ variables Abbrev. Unit
1. Y7 LA S5 WRF FE7E — R T 9 1 A TLAENI B WSJG A
57 T K BTN ROIEL wscw 10* 3k
KR PANG BE AL WSYS 10 A
(VPN RITEAY WsCww LS
(YN WSYSW A
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HHKF W e AL T AR BN JYLS A
W3 ey A A AT B JYSSB %
3. MRHLAL 55 SR [E A —E W R PSRRIl 55 YD 10* JG
Al 557K Dy 4B H Al 55—y Y2 10* JG
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REGKF D452 ) J o ik YSHWZ 10°Ton -km
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DA is ik s e i YSTL km
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5. BRI R EE—E RN ROl DI VR BRI ZRNZM 10% hm?
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6. [EERE R EE—ERBNNEE ko Rt TZ 10% JC
BB LAt o3 e B PR R 772 10® JC
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YT R IRIA D4 [ RS — A GDP1 10® JC
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P4 E RAEMR S WA S L GDPFB %
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PIAES AR URBAN %

VLBT: FEPR RGBT MG R AR T R AT , TR AR PRARIE B 0 S8 B AN — PRI 4R S 2 M . DWS R BT TR, %
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FB FAEMRS M ; @POP RATVRGLASR, T .U K& R /BR85S 7, URBAN F3iitifb
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0. 0975 , R BIIGMALICT —XF PLS 2o % 4t S BE A 1 35 58 S ORG24k 2 N — 48R, ez TR 280k
RIEER

T UL — BN TR A 5 o, (p A o AL A B A X) fEfR R B i 25 Y BUAE TR,
PLS HAS 52 F B8 b5 VIPj(variable importance in projection) K~ , HAFUN

(3)
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VIPJ._JM(Y”“ /\’tm)ZRd(Y,th)whj (4)

b p S AR m BRI PLS 803 0 B, 0 w, BOER Ao B HDRII & AR B 0 F)
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28 PLS BEOAUFAE— LU R 2Z A ANTE ST BT & A 5 20 F 78 5 1) Tl U, BN B & AT 3247 0 i A 1)
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ARt rp AR AR R AR AT 2 2 XK E 2 A A A F AR R /NAL FERCOCIRAT [T SRR 58 A T 0 A 728
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PRI, W] LA H XD Hi_PLS AR 5158 F T Ak e B AT 96 2t 11 A0 S 50308 170 [l ) A ) R LA M, 3%
TR FEA A TR

(1) Bk AZRESRID NET T X, X, X, , 575 B — B b it 28 B 35 5 A AR ) SR LAY
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1R REEER Y )  EATSR A IF S IR I S0 i 2 AR F) i e/ 3 T (g, sty s AN St st sy N o3 N5ty
Ly, I\ ,tpmp) ;

(3) BRI F MRS AR A IR HE Sk 1) i /N — 306 = AV Sk AR i, JROK (%) PR AR S AT Ay PR A B ) et — A
AR ) Qi Fe /)N e [F] A AY (R M THZ AR Y Top Model , WLIET 1 8228357 o

(4) BRI TR RO B BB TUR PLS A (1 vtnas A iy o) SESIEATEE BARE , 2B

T L 11

AR SCH AR B AE Y HgvET R R 2 —
jﬁi , fi@%& E—%lﬁ‘%ﬂ lj‘] E/:J @ﬁ \ﬁﬁ \é}:{%&}\ H Hj( | frop.1, ftop.2, ***, ItoP.m |

1% 28 SV AL W F S R X, P S L T -~
ST ATACRTE . SURAM LR ol R R [ i ot = )
X RS HOR ST DA B 808 sl % 54 R 5
FOALVEUR RS 2P0 R AREE 8 A T-He (5

1) Fg 8 AIRJZ B A3 5T 4 A F et ¥ 19 PLS 2B

[l 2 ECH AR R A9 B PLS F i SR ), X 21 | EBMEE/IN"3 Hi PLS AR EE

Heff) PLS FEME RN 2SR T 1 MBI TZHE  Fig. 1 Drawing of structuring Hierarchical Partial Least
R HATBRR) PLS [BH 3 H A5 R (K1), Squares Model

3 ZBRE5SW

3.1 #R

Hi_PLS R[] T (45 B Aan 26 2 rh iRl 1 AR 9 A, MR 3 Hrp T02 A8 8 (A58 9) A R FR Y fiE
FEARME (R2Y) AL %25 52 BRAR A ( R2Y {BH 0. 9902>0. 987 ,0. 987 MITA JIEJZ R 1 A 8 thf#
B Y REST R2Y 48R RAE ) X —FRAR 25 S n s Kb a] B R 2 B i

*F2 AEESRITIEIEE Hi_PLS &REEFHNER

®
Table 2  Regression result of Henan EF’s driving factors by Hi_ a5k
PLS Model R =0.9902
= > 2 2 Q ~
G H iR X e i RE Y i g 20
Num. Type R2X R2Y S
— _ C 151
AL 1 JEEJZ PLS 0.937 0.925 i
1% L
i 2 JiEJ2 PLS 0.984 0.893 =0
] JE)Z PLS 0.948 0.692 05
*ﬁﬂ 4 EE‘ PLS 0 909 0 986 | | | | | | | | | | 1 | | |
M 5 K2 PLS 0.578 0.167 0204060810 1214 161820 2224 26238
A
A 6 JiEJZ PLS 0.867 0.676 BAE YPred (EF)
BT JiKJZ PLS 0.898 0.936 2 AEESEDEHEEN Hi_PLS HAKR
B 8 JiR)z PLS 1 0.987 Fig.2 Regression effect of Henan EF’s driving factors by Hi_
A9 T PLS 0.710 0.990 PLS Model
FEAY 10 241 PLS 0.667 0.986
3.2 o

RHATREIRAIHT A SR Hi_PLS BEALS B 45 R 5 (U 2 8 PLS 88U (] I i 25 SR A7 ik, &
PLS B ZE R ANER 1 rhAgARAY 10 Frzn , Nl DUAE ), 5288 PLS BIRIAR LL >R FH Hi_PLS 25 R L7, X
AR BLAE [BCR 8 AR R2Y | (Hi_PLS AR R2Y {4 0. 9902>0. 986,0. 986 A Z: i PLS #4571 1y
R2Y {H) , i RPRAE MR X E ST B3 FR(E R2X | (Hi_PLS #8f R2X {5 0. 710>0. 667 ,0. 667 “h £ # PLS
BRI R2X A1) .
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AN, 528 PLS ARRUAH F | Hi_PLS AR () f bt 8 U B0 e 85 SR e 5 bk |, 1/ 3 38/R T Hi_PLS
RERITH)Z VIP B (B 3a) 5440 PLS #5 vip B (18 3b) 5 HL gL

14+ a Tl JZPLSELH vIP 1.2 K b ZBLPLSKER vIP
E 12 1.0
1.0
£ 0.8
@g 0.8
0.6 {
® 0.6
= 04 H I
E]ﬂ 0.4 s 3
% 7 n 2 H |
X 0.2 ;
0 B 0 |
uuuuuuuuuuuu aa DONZNFRARLANNAnE & <
----- S 2 SESEEALREEMESS 558
% S CES
R lalS}< o = NE
=3 SRS Wi
Principa component from the base model A5 K Variables

*PLW: SRR T HI_PLSHELRL ME/REZ ISR, M2 J5 MBI R R B I 45, (3R IR Z R AU R APLS L3,
2 G BB R R R Z PLS gy 3 )3 5

B3 aRERETEEEMN Hi_PLS ET R VIP Bl 548 PLS 2! VIP E3fLL
Fig.3 Comparison of the top Hi_PLS model’s VIP graph and the classical PLS model’s VIP graph of Henan EF’s driving factors
$ TR R T Hi_PLS #5580, M 7R3 1 iy 8 KAEHR, M 2 J5 TR B i 4 5, « Fn IRIZSIGHR MY PLS R0y, « ZE AT
FORIRJE PLS RS 0BT 5

Mgt PLS IR vIP & (& 3b) ,ANAY AT LLE ) . X e IR 2 PR & 1 & 220 KM IR R . POPU | YSLVZ |
URBAN .YSHWZ . GDP1 . JYXS . GDP . GDP3 . YSQC . GDP2 . POPT . TZ . JYLS . WSYS . WSCW . YSGL . YD . YD2 .
GDPFB POPR YSTL WSYSW WSCWW .TZ2 .JYSSB .ZRNZM ZRNZM2 J% WSJG., T EARAY—Le5E RANT .

(1) &2, 6T R A 25 1 300 1 I 5 A 1 S 9 3K 2 KR O AR HLA A %8 WSTG, R % 1L 1Y VIP B /s
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(2) HUR X Ti] i A 2 300 A B () 3K Bl R 2R R D AR R AR W SRk A AR ZRNZM S L — R J5 ZRNZM2
EATR e T 3R T LAl B SR EF BB T EATTRT R VIP (EAL T 0.5 2247 (<0.8, Kl 3b),
HOLBR S VE R AN E B

(3) 55 =, X TmT A 25 J T AS B B (1) IR B0y PR 3304 3 3 S5 AR A B JYSSB | At 23 [ e e - 4 —

J7 TZ2 FRET NIRGEL WSCWW , IREAT VIP (ERE KT 0.5 ,{H/hT 0.8( &l 3b) ,

(4) 5509, e n] i A 25 0 AN K F B (4 R B (R 3R A T AF IR R Y 55/ IR 5 YD2 riEEHEH&%M&/\
il GDPFB I 4EE R £ # BN 1 POPR I 412 i Bk B 2R BE A BE YSTL KB J7 N BEAE R WSYSW X 5 M2
i AR VIP AT 0.8—1 Z ],

(5) 5B, T X2 BF 3K AR BRI R R, 0T LUK &A1 LU L3R (B 3b) . O N5 1, A
POPU .URBAN }. POPT; Q435771 , 41 GDP1 .GDP .GDP3 }: GDP2; @iz J7ifi , /4 YSLVZ YSHWZ YSQC &
YSGL; ¥ TI7 i A TZ ;&35 A JYXS K JYLS ; @ TV A= 7 1 , 45 WSYS K WSCW ; OHMRHE J7 il , 4 YD,
F I ARYEZ I PLS 08T, AT AT i 13k JLZH EE 22 R 3 PR 3 A T i A i HE Y

{H2  FF Hi_PLS BRI HI0] LIAR J7 {5 A 803X — o

()T 2 mTRIAEH 16 8 NEJZAR A rh iR 5 ﬂﬂ 17 PLS [HIHA , 25 R AE WA B3 (R2Y=0. 167«1) ,
IXFHARIAY 2 fT 40 36 (1) A8 o 5 VT R AR A 2 A K 22 TS AE AR B PLS DG &, RIS AR R AR ) 5 4% i AR
ZRNZM B3R J7 ZRNZM2 ANJET A28 R i ) FEAR B R 2R , iX — s T DL B 3a 19§ M5. ¢ 8 1
A, HXTRE ) VIP (H/NT0.8( K 3a)

(2) NFR 2 i n] B G5 RASK B3 1 73 A P IS E R & 3 (R2Y=0. 692) #1 6 (R2Y=0.676) , iX BiH &
IMRERAY PR AE i (WRHL YD KL =3k Ty YD2 % %% TZ KL R0y TZ22 ) WHinf i A 245 2 il 38 K iy 3K sh /R FHAS
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He

Eild 31 &

R, RS M A TS G vIP [E50HT .

(3) Hoe 5 e p A S Rl K0 R 2R R, B & BRI I8 (R2Y=0.925) B E 63
(R2Y=0.893) . iz4ii%i 3 ( R2Y=0.986) .GDP £33l ( R2Y=0. 936 ) X N GG 5 (R2Y=0.987)

(4) RIEE 3a TR TIZ PLS ALY VIP T &, W HIBRSS 5 41 AR A Hoe 7 A28 B35 —XF PLS A5
B VIP KT 1, BB IO NTRRHEFE N $ MA. 1, 0 $ M8.t, . $ M7.1, . $ M2.t, . $ Ml.t, . $ M3.t, &%
$ M6.t, ([l 3a) 4L, Pl T ATERSNVE R IMEIRHET 2 . iz & 2 @ N 13K IE 8 @@ 5ris s (@
HEWS QBT ) ©BR LIS 3 L OBTEE ),

2L LR B, T 4 RE 2K R W E R B, IF BN TR —XF PLS = aln VIP 52N
L4 B RT 1.2(1.2 Hi5 3 MUEZR IR ZE—XF PLS £y VIP ETRUE, Bl 3a) , X T 4 KE
BRI R AT LA —2 )5 3 KEEIK SR AT DU —2
4 Z£i5itie
4.1 %58

Ljge i PLS #ERUAH LY, Hi_ PLS #5E0 FH FAE 25 b f L 0R sl DK R (B 5 S A 8, He 2 SR gt Rk ke s fin
i LR RS, Xl g A= 725 08 00 36 K A T SR sl FH %) DR 2802 D A1 AR AR 0 43 i T AL (s el 9 U 2%
F) e JLAR R R e 1R s E RN HEY 2 . Qi TG 3 @ AN D IKIG3) @& 3G g @HE I
3 QBESF IS OWRHLTE S M O IE S, Hoh /i 4 REEIKSN N R A E B CEW B R TR 3 KIKsh
4.2 ifig

MR Hi_PLS B ) AT 255, nl A0, Sy T 080T e 48 A 28 R a8 19 T, A1 2 DX I i) T e 82 ke, vl LA
R A 25 2 00 K 10 00K 30 DR 28 o B R B R TR T X SRk 2 A B A 2 S X 3R

(1) 3817 B2 AL A R I3 K e EE K Bl IR 22, DRI, 8 AR ok 1) & Jré e v, o 4 e As AR
WD AR DE R FICRCR IS 2 (36K is iTia 54 ) , R i an K 3 s i R A B K, R
FRECTT REHE M dee i v ()32 By T HL 5%

(2) NSRS IR Sh IR 22, I LATE AR R & B R ATh SR wh 250 ™ g 4 il 1 B0 B 3 G, IR 4
IR AE B R A E R IA E RIS B BT, A BE R R BUR LA ZZ s,

(3)3 Ry A 2 B35 1 Bl 20T AR A R a3 () 8 — R B IR g R 22, SR WA ] A 28 R i 35 4 1)
] Rf SN B I B A5 M 22 5% 2 R, DRI, A 0 B AEURME 8 3 22 5 3 A O =X, b=l 85 A e R0 A a0 v 2
FAR P s & R

(4) Z0H 15 Bh A 0] B A 285 i 88 K A 5 DU B RO Bl IR 2 3 — T LA B A DA = 280 7 360 30 ) A B
ez, M N FECGE I3 KAS B R AR oA SR IR A DRI B XX — i AT vt ) DX AT e 282 & i %o 3R
Sk e

Hi_PLS AR 7R 288 PLS BUAY SRl I & JRTIE B, X PR 5 ik AE Ak T 2 S v T3z, % 1
FEARAR A Z R, T orm B, AR A2 (28 4,8 41) , 159 I B 45 SR 2 A 2
PRI, K ok T LAXS 4R SCAY Hi_PLS BRI HEA TG, sl % 18 5 B M ik g 6, DA ASCH B0 24 41 35 B 53 1
RUEEES%
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