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Multivariable analysis of socio-economic factors to drive the land-use changes in

the area of Manwan Dam
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Institute of Ecology and Geobotany, Yunnan University, Kunming 650091, China

Abstract; Human activities are the one of major causes for land-use changes. The objective of this study is to detect the
land-use changes in the area of Manwan hydropower station by using multitemporal satellite image data, and the
relationships between land-use changes and socio-economic factors were analyzed by using multivariate analysis. In order to
achieve this objective, three different periods’ land-use maps were derived from the Landsat image data which acquired in
1991, 2001, and 2004. Moreover, the universal kriging interpolation was use to make the text file of socio-economic data
into continuous surfaces raster data. A spatial database of land-use changes combining with socio-economic factors was built
in ArcView program. With the help of multivariate analysis of CCA ordination method, the relationships between land-use
changes and socio-economic factors in the study area were conducted. The results show that the land-use changes are
correlated with socio-economic drivers both from 1991 to 2001 and from 2001 to 2004. Between 1991 and 2001, the land-
use changes are strongly correlated with population ( POP) , gross yield of corps (GYC) , population of agriculture people
(A-POP) , and per capita arable land (PCAL). However, A-POP, GYC, LSP were identified as the main factors for land-
use from 2001 to 2004 in the study area. The results also indicated that the multivariate analysis method can be adopted for

the study of other types of land use change and in other regions.
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Fig.2 Land-use transitions from 1991 to 2001
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BJE, RBA LA AL B R R MR A, LR IR : FEALEURE , B BCRS T 500 NBESRFEA (FH
Canoco 4.0 JRAs ) SLE X} B 43 A b K 7AE B H AL VF <500 4>) 5 R IE, IR P A R BER BN /0, 257
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2.2 SSBEIRE MRS
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Fig.3 Land-use transitions from 2001 to 2004
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Table 1 Land use variables

Va%;%les 19912001 kam%er 20012004 N?m%er Vi&%les 19912001 N;xﬁm%er 20012004 kam%er
1 F—>W 15 CON—F 21 2 CON—-W 13 BL—F 14
3 BL—-W 8 CUL—F 30 4 CUL->W 16 S—F 41
5 S—W 16 CON—F 20 6 CON—F 22 BL—CON 12
7 BL—F 26 CUL—CON 25 8 CUL—-F 28 S—CON 33
9 S—F 40 F—BL 15 10 F—CON 21 CUL—BL 23
11 BL—CON 14 S—BL 24 12 CUL—CON 18 F—S 40
13 S—CON 25 CON—CUL 16 14 F—BL 16 BL—CUL 15
15 CUL—BL 15 S—CUL 45 16 S—BL 17 F—CUL 40
17 F—CUL 42 CON—S 16 18 CON—CUL 12 BL—S 14
19 BL—CUL 32 CUL—-S 43 20 S—CUL 37
21 F—S 20 22 CON—S 10
23 BL—S 11 24 CUL—-S 23

W: sK &, F: Ak s, CON: ESFHE, BL: AKFIfHh, CUL: #f b, S: #EFMN

2.2.2 #SATFEIRMALE

WA SAETTEIERE T RRE NG EEE , 3 E R 17 M A X8R B4 T oF F 5 B2+
SN 2 [ 500 , InBEsR A S BT R B . I FRIE AT, i+t S L 5 80dE 5 A SRS &
AR T 4047 L A A AL IR 3h F7 3 R W — A BRI, AR 302 38 I 58 32 4% 5 (universal kriging ) K
H S B GrREE AT b3 %5 1] 4 {H ( spatial interpolation ) , AT 76 382 [A] R b4 @At S & UrEAR MiE S 4
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it , fEAL S LT RIR-S A AR R 2= B RERIRF . ARG TE Arcview AP ST + 1) A2 4k 1 25 [R) 53 /2
PBE PR L A AR PEIR 54 S 2B IR T AR LSS AR , IR AR FI T CCA HEF 20T

®2 HREFRERER

Table 2 Explanatory socio-economic variables

) ) 45 : . %5
BARAE L Variables Abbreviation B2t Variables Abbreviation
An POP ZINE!

Population/ A people Population of agriculture people/ A people

Ak B cme | REASA i
Gross income of rural economy/(10*yuan) Farmer’s net income per capita/JG yuan

Ai@ﬁ#ﬁﬁfﬁ i PCAL *Eﬁ‘f—;".}":i CYC
Per capita arable land/hm’ Gross yield of crops/t

giﬁﬂliki‘tﬁ ' . LSP e Srhapal ' ' i ATFP
Livestock production/ (10%yuan) Areas of tea and fruit plantation/hm

2.3 ZBESHTE—CCA 7

W ERTR, HEF E 8T R TR SRR TR . AR 5T E Jo £l St B #r
(detrended correspondence analysis, DCA) /MR ik BER O BE ), W% K BEE KT 4.0, W7 SR FAESR
PER BRI HE T 77125, fn DCA (CCA 53 DCCA, ARz K BEME/NT 3. 0, A8 4 Nk I HEF 1578, 1 PCA B,
# RDAPY , Mg K BEMEATF 3.0 A1 4.0 Z ], BHEF i bE o

AWFFE DCA 43Hrat F Bon PR RS BEER K R T 4. 0, fir Lhiz FI AR S M B SR HE 7 77k CCA, CCA 2 H
R ZATHEE-FHEXRZ TN INEZ —, BES R T E- Y ERIACE Y &REE G, A
I A HEFE S HEFEE— R 2o EIE, I EE RS 35 R F R E TR, XS 0 HE R AR
FIE R T I — R A, T SRR SR B AR % BE 434 (CCA) % o B o O A ki g 2 0
A SR R 7 4B B TAE - PR R RN B T0 AT o A SORE 3t ) A8 A 28 U ARE A 56 [ 748 45 500 A R,
AP RBAEFE RS R TS BAR AR , A T 50 b A 28 5 S L 5 R Z H] B AR S PE , I 23 1 s W
Fr &l (Biplot) o IAMAHTFTIZ H] Monte Carlo permutation 1656 K <& W LE 3745 [ 7 X AEH2S [] A% Ry iR & B3
HWER . BT A XSS %R i CANOCO4. 0 R5ERL. 3R 1 FiZk 2 0|5 i T CCA HEfF It B3 B
B2 {iS i
3 £RE5H5m
3.1 1991—2001 48] + #b A FHARFL IR 30 A+ 47

Xf &t m AP T 5 LA AR R AME CCA HEF i S RNk 3. R S5 RAE T HS K 3, 3R
th N AN 8 At AT A F AR SCPEIRSS . HEE 1 5 A 0 (POP) MRE S & (GYC) KA
H (A-POP) #H &M B2 , HAHR R BT H2 —0.2846, —0.1955 Al -0. 1741, FEHAHR ;55 2 SR E 8~
#(GYC) 2 BEMIEA, [N 5 AH# i E R (PCAL) 2 B W HAHX; HHh, R 3 LEREMMESETTR
FRIMAHSRE, bR A A 58 A DR E B/ B Z A IEA R . R, % 3 dwisid CCA #i 4 MHE
it 2 AR E 1B 5L o

M 4 E SR LIE 1 POP . GYC A-POP F PCAL 25| #2iZ i #A B 5 X P - 3t A F 22 A i) - 2 3K 3l [
. [FETE 4 B POP.GYC A-POP 55 1 #i2 BZE M HAHI;HE 2 45 GYC B BF EAMX, 5AX#H
A (PCAL) 2 BE R HAAEK . 1AHh, BIrh W BoR 8 2t &5 I F A B AR, iRk AR 58 A0
MEBOL = EZ EEARCHEEGR . 7 B E hr] UE I s f B AP T-2.T-3.T-5 =385 GYC /7
TE B35 W URE 5% , T3 BH SR A R D 3t R 3 ) 7K AR I 5 AL 1R 00 SR B B B (GYC) 240 3 it
A, BN B 4 [B] 7K F R R B (A5 K R S At A b A [ 7K A e A, X BB A SR B B
R AR . BAMRIESEH R, 3 Bk 26 FH 28 R 1] K AR 7 110 Je R 2 Ey 18 i 7K PR A R N 7K
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Table 3 The correlative efficient among the ordination axes and the socio-economical factors and the eigen values of each axe from 1991 to 2001

AX1 AX2 AX3 AX4 A - POP

FNIPC GYC GIRE LSP PCAL POP

A-POP  -0.1741* 0.0198 -0.124  0.1054
FNIPC 0. 0644 0. 0502 -0.0273 -0.1361 -0.6005

GYC -0.1955* 0.1994* -0.0444 0.0397 0.3067  0.1999

GIRE  -0.0099 -0.0217 —-0.0547 -0.1411 -0.5173  0.9087 -0.0025

LSP -0.0684 0.0144 -0.0329 -0.1478 -0.5109 0.9111 0.1564  0.9726

PCAL  -0.0634 -0.1336"* 0.0215 -0.1744  -0.1606  0.0137 -0.4211  0.1784 0.1385

POP -0.2846** —0.0405 -0.1399  0.0663 0.8637 -0.4134 0.3674 -0.2477 -0.1973 -0.0834

ATFP  -0.1152 0.0951 0.0536 -0.0423 -0.3504 0.1122 0.2961  0.062 0.2381 -0.2036 -0.0493

F#AEAE Eigen values:
0.169 0.097 0.076 0. 064

T R SHSR T FAESE5£ & land-use transitions-socio-economical factors correlations ;

41.1% 31.1% 27.6% 25.4%

S A R R AR B B 1A 4% Cumulative percentage variance of land-use transitions;

0.7 1.2 1.5 1.8

T A HER S-SR TR RN BT A 2% Cumulative percentage variance of land-use transitions-socio-economical factors relation ;

31.1% 48.9% 63% 74.9%

REARL n =497, % * Foo P <0.01, % %75 P <0.05

FIEM . M GYC 5 -IA BRI PR T-12 1 T-
19 IEARRYE R, BIRER AR B S 8 A, B st 1 22
SR RS B 2 LA SR A P b 1 B st S A5 O B OK, 5
BRSSO SR R T 2R A1 i 1 B e 2 A T AR 4
S0, RIS A AR R ™ R I R AR T KA i
0 P A R <4 A S Pt T AR A 3 o — 4 SR U
TR ERA R 22T HETHH A-POP
5 T-1.T-4 PiRE BEFR A, BIBEE R DB
T, P B 1 K A B B AL TR AR AZ /N T T- 16, T-20
M T-22 =R+ A B RS A-POP IEAH XM R
Ut I e DA i) R ) Tt R A 1) Bt LA % S SR
1] 8 A e 155 380 ) DX 3ol N T 3 IS R W B
[F]6,POP 5 T-14 \T-15.T-22 . T-23 +#hf| A EE T
EFIEMR, 5 T-1 1 T-4 B2 0K, Rk XA
T BRI, AR R b e SR A 3t 5 5% LA B S 50 A 3 A
SR P 3t [ E A% B TG AR o, T MR S R b % % Oy
FRAAR B T AR s T B T U AR RS iR R B
R B — A EZRA . PCAL 5 T-18 M1 T-21 B
RE BE EMSE, 7 SR b i B 2% AR 4
N F0 T AR A — RV, [R) et B A 370 b T
BRI, A ) 7 D\ 2 B % T B 38 A, DAL T 1 5 B
T 3B b T AR B B R 5 T PCAL 5 T-7 F1 T-17
PIRE B3 TOESE , 3ROR BEE A SIB b T AR A 3 A, R
] P L 8 S bt LA B R e 5 DA ot 1 T AR 20> , i
B S03 [E) N\ 270 b T B S A 25 4 T ARt s>, T
BESRYR T A FH b AN HE A ) B e BB B o A - 3t )

T-4
T-1
N a A
A
T-10
AT-ZI;
/ N
A /
A ¥ T-5
B T-18 peaL
. A
T-11
T-2
-1.0 AT-3
1 1 1 1 1 1 1 ]
-0.8 1.0

B4 19912001 £ & LibFIASUEBRBEHLEFETF
B CCA XFF B

Fig. 4 CCA ordinations of land-use transitions with eight socio-
economical variables. Biplot vectors shown represent the explanatory
socio-economical variables

W K &, F: Ak #th, CON: g5 fi#th, BL: KA fi#h, CUL: #f
Hh, S: #EFM,T-1: F»W, T-2; CON—>W, T-3: BL>W, T-4;
CUL-W, T-5; S»W, T-6: CON—F,T-7: BL—>F, T-8: CUL—-F,
T-9. S—F, T-10; F—CON, T-11; BL—CON, T-12; CUL—CON,
T-13; S—CON, T-14; F—BL, T-15; CUL—BL, T-16: S—BL, T-
17: F—CUL, T-18:CON—CUL,T-19; BL—CUL, T-20; S—CUL,
T-21; F—S, T-22; CON—S, T-23: BL—S, T-24. CUL—S
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A5 & 5 POP .GYC .A-POP il PCAL A8 LA B o
3.2 2001—2004 4[] + 3 F FA A= AL 3R 3h X - o 4

2001 3| 2004 4 (8] - #h | AL % B R B FIAE S 2 BF R 1) CCA HEF st 5 R Ik 4. Kb, X5 HF 3
&GP E T AR EEHES A R, RIS 1 B 5RO (A-POP) MREE™ & (GYC) . F MOk ™E
(LSP) Z [E]AAHRHE 2 56 2 M 5 &AL S AT R MM MEARA W R, 5 NK 4 PERATLUIE S 8 24t
SETHE T ZE A PERS, @RI K) 3 MESE T HE FAERERNIEMXM, FF,E4 Rk
th CCA Hif 4 HEP il i) 2 AR FHE (R

F4 20012004 FH % CCA HFM5HLLZFEFZ EMBEX RBR SIS
Table 4 The correlative efficient among the ordination axes and the socio-economical factors and the eigen values of each axe from 1991 to 2001
AX1 AX2 AX3 AX4 A-POP FNIPC GYC GIRE LSP PCAL POP
A-POP  -0.3598** 0.0718 0.0317 0.0169
FNIPC  -0.0952 0.0868 -0.1476 -0.0724 0.3891
GYC  -0.2632* 0.0129 -0.0151 -0.0564 0.7379 0.7015
GIRE 0.0774 -0.0493 -0.026 0.0193 -0.1299 0.4058 0.3943
LSP -0.2731* 0.0315 -0.0331 0.0068 0.7365 0.6728 0.9399 0. 4546
PCAL -0.0886 -0.0214 0.0148 -0.0963 0.2442 0.5217 0.7216 0. 6461 0.7033
POP  -0.1446 0.0834 -0.0458 -0.0657 0.5194 0.7951 0.7948 0.3963 0.8171 0.8243
ATFP  -0.1034 -0.0414 -0.013  -0.0496 0.3376 0.624 0.747 0.7935 0.7188 0. 8521 0.715
F#fiF{H Eigen values;
0.17 0.064 0.063 0.062
T o F R 5SS R F A6 & land-use transitions-socio-economical factors correlations ;
41.2% 25.2% 25% 24.8%
S A R R AR B B 1A 4% Cumulative percentage variance of land-use transitions;
0.9 1.3 1.6 2
T AR SHSZRHE TR RAR K R H 0% Cumulative percentage variance of land-use transitions-socio-economical factors relation ;
40.3% 55.4% 70.2% 84.8%
FEAR n =487, » = Fin P<0.01, = TR P<0.05

[FIAE XU B (18 5) s AT AR AR A H (A-POP) R ™8 (GYC) A& H0lk ™ {E (LSP) 25X 4>
A LR AR EZ R T [N S B8t A-POP.GYC FI LSP 528 1 SRR . JHFHARWA
M (A-POP) SHRE B8 (GYC) \BEHOl™E (LSP) Z [AIFF1E B3 M IEASSHE R IX 3 MR RAMAEAEA, 3
] R DX 35 AT ) b s AR A 5 T LI 3 M 2 5P 7 5 HAR P 7, an N BRIk RS A R IEAH 5%
PR . At , N AT AT L3t A R B 268 o T-1.T-3.T-16 \T-13 I T-12 50k A 1 (A-POP) R
B R (CYC) MaE Holk ™ (H (LSP) f71E 8 IEAR KA , R BRI 1 B3 IR 5 | R At 28 D e 350 A ) 2
ZREA, BEAh T-3 Alb At 5% A6 Jobkolk Fi 3t 2 22 il T als 4R R SE R AR AR EUR 51 2 i 22 1, AR 4B SR 01
NAZEE — KR T-16.T-13 1 T-12 HAV A H 9 5 R AR BIE, Ak A 18 0 T 2o Aolk
Mo AR gAY P ANRE B A . dn B IR R E B B EROLE SR A D RIEMX, W T-2.T-6 .T-8.T-
18 P+ 3t B I B B 54l A 1 (A-POP) JRELE =8 (GYC) FE Bl B (LSP) 7 7E 5 fa A e 1, &
AHEE AR B RS B AN ROl E RSN, SR A P 5% A ARt AN SR, LA S 350 b5 0 B DA
Bl R AR B AL T ARAE I D o BRI Z A, Hofth £ 30 AR B 5% 3 2L R T R A .

4 it545iE

AT SRR MREIRN ARG, FEHT TIF IR S S B A T IR H R Z [E KX R, A
AR 2 AEH ST RGN E RGN LA H R T AR BN, 2R mE R R TCIERR
i, A 2 R LA AL B R MR BE TR 3R A s P, — Se i [ RO 0 iE AL Y 5 X LB 1% DL AR X
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SRS SIRBEX MR B2 R AR T B A
FIASLIE B4Rt T 96 R o ST, — e HAE KT op mime & .
HEmy SHHER AT LA EFRT [T s NN ’
KEHBFFCTAE, 0 Xie % U7 Lo H S8 R BRI T ;Sjct\k\i\\\ Mg, TS
B IR B A S 2B IR S T 5 Hietel 4517 i B “f&f,;w\
X PEE — & 5 S4a B L3R /R I, 25 S 4t A ATFP‘/TQJ%_{[ SRE 4
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Fig. 5 CCA ordinations of land-use transitions with eight socio-
economical variables. Biplot vectors shown represent the explanatory
socio-economical variables
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