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Abstract: Landsat series remote sensing images were used to map the wetlands in Sichuan, and the GIS spatial overlay
analysis was used to obtain wetland change spatio-temporal database in two periods (2000—2010 and 2010—2015). We
chose nine natural and socio-economic factors including average wind speed, precipitation, average temperature, average
sunshine duration, average relative humidity, gross domestic product, GDP per capita, gross agricultural output and
population, and adopted the Canonical Correlation Analysis ( CCA) method to analyze the driving forces of changes of
wetland types in Sichuan Province. The results showed that (1) from 2000 to 2015, the changeable areas of the wetland in
Sichuan Province were 705374 hm’. Swamps and rivers were the main changeable wetland areas in each period. The ponds

were the most changeable wetland type, and lakes were the most stable. The main types of change were swamps transformed
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into non-wetlands, rivers and non-wetlands changed into ponds. (2) The average temperature, GDP and population
explained 16.6% , 30.7% and 2.1% of changes in wetland types respectively, while precipitation and average relative
humidity could only explain 0.6% and 0.3%. So, GDP, average temperature and population were the main driving factors
for the change of wetland types in Sichuan Province. (3) There were differences in driving factors for different wetland types
in Sichuan. Specifically, as the GDP increased, the amount of swamp wetlands converted to non-wetlands decreased, and
the higher the GDP, the more non-wetlands and river wetlands were converted into ponds; with the increase of average
temperature , the area of swamp wetlands converted into non-wetlands increased. The results show that the rapid development
of society and economy has played a positive role in protecting and increasing the area of Sichuan wetlands, but global
warming still leads to the continuous reduction of swamps. Therefore, in the context of global change, strengthening the

protection and restoration of swamps will play an important role in stabilizing Sichuan wetland resources.

Key Words: remote sensing; wetland types change; driving force; CCA; Sichuan Province
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B OENAFREM A E N A R R IR B & B, A A 2 T PR 6 P b g R b T
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1.1 AF5E XA

DU T3 E PR, A T A4 97°21'—108°31" AL 2h 26°03'—34°19" 2 [f] | M 145 77 5 =5 Bl A8 W 1L
Wik 2 5 e i 2 EEL L b RO )T 2 T R M3 PR 5 SR A A e 2 A L AT B K R A 25 Rl A2 A
LT 14.8C , 28 TR K & 967.4 mm, 24535 H BUET 4L 1470.8 h, 4 IR LK VTR & o8 3,
96.5% ) - 135 JE A TT K &R K IT_ B4 VOV R SR B S R 2BT RET) IRYT.  e TI Bt ks> )i
Hb A VL S0 b 1) B B 2 BB 4
1.2 B s s #
1.2.1 B ER

2 W (4 R b R YRR A 5 W A HERE ) (2008 ) 1 DU )1 257 345 1 9 050 80 i e A S it 440 D)y ( )11 48 ol
JT) WRR 2T S A, 3175 & 338 B AR T 0 B B /N RTBE N TR 0 vl R A5 TR 28 1 1R e 1 R
JEMERI S A A SRR AN TR 2 K2, Hive . A SRS F5 T e S s RE R, N TR 2
LRGSR 1), KRS IR R A TR, A B e A8 , RN AAR IR SEE

F1 MIEHENSEER

Table 1 The classification system of wetland landscape of Sichuan Province

2551 Types 24k Types description
{EH Wetland SR Hh TR 3 1 b AN Z P BRI T 3 B AE = /K 2R R Kz TR A TRT I RO U T AR
WG IR KL 7K A MEIE
TR EREANL LR  BA RRIZ N LS Y A AR TR &
NS . NI = AV AT ER T B VAN m2
e e 4 0 H Al REIK K HL AR HERE IR SO AR AR T S S E AT 0 AN T 8h

EKIX

1.2.2 R HbiE S

AYKAE FH 2000 4F 2010 4F 1 2015 4F 78 35 VU1 b X B9 Landsat 2 31 38 & 5245 0 B85 VR (hitp 2/ www.
gscloud.cn) (£ 2) , BIEGERIIA Level 1T HOIEHF IEE R ™ i, &0t KRG SR IE R LR IE , Ae bR & ff
HSAAZUR R WGS1984 ALbRF , UTM #365% 07 20, % BURSE R B AN EA T B ik BB | I e 4 A 38 3 3 A8 e b
FEAUEIR A T B R T~ 5

3% 2 Landsat BB EERE R

Table 2 The description of research Landsat images

AN e fif A RN
W TR R AL RS = I? ; 1/ : ;Th ?d Interpretation of remote sensing image Complement of remote sensing image
Time Landsat type and sensor ‘paFld ath an HiG—4F 4—10 A A JE—4F 4—10
resolution/m row E=214 b2
Mlit/% /% Wlit/%e A%
2000  Landsat5 T™M 30 B 127—134 34 100.00 82.35 34 100.00 70.59
2010  Landsat7 ETM+ 30 11:31—42 34 91.18 82.35 34 76.47 67.65
2015 Landsat7 ETM+ and Landsat8 OLI 30 34 94.12 85.29 61 85.25 71.05

1.2.3 5

AR AR G SCHR O 1 LB 01148 1 4t 216 HL R AL 9K Bl D (0 26 43, 6 4R 5 S F ARSI TR (P39 K
B BRSPS P BRI DRI AR ) A0 4 A 22 B R IR T (R A AR 7 B E A R N R
FERME A A P B AN VB ) FE 0 U1 SR S B AR AL 5 0 [R5, 4% 500 DR 1R A Y5 5 A 38 5 76 1
W3, X 20002010 4FH1 2015 4F B 52 00 R 5025 (63158, 2-4% 2000—2010 4FH1 2010—2015 4F P11 &
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Table 3 The impact factors of research

eS| ¥ iG] B A I Kb
Types Factors Abbreviation Data sources Data Processing
HARE T S H R WIN ArcGIS 2218 43 H7 (Interpolation ) 1

Pujil 53 AN A 1990 4F LU : T erpola i
Natural factors I T £ PRE S BYAEA BOHE . 2000 4E (S i%igﬁo( Kng:;;éj%gi’ ﬁéf Tfi;
1990—1999 4F %k #% F ¥ {A., m, re £

SRR TEM A o Biit (Zonal statistics ) LA R
2010 #FECHE4 20002009 -4 S X GE i ( Zonal statistics as Table )

S H R B < 34 A, 4 y e T P s pa
RAIR S i E I i ot B 7m0 00
SRR HUM ° R 2

BTN T [ N A 7= GDP

Social economic K P A Sl PGDP YOI 4 4E 34 % 2001 ,2011  Excel rhie g — 1Y B R AT BB X

X 42016 4 AR RATBOAAL R AR S AT B 48 T BOEE R AT A I

factors RAEFEE GDP1 LRI 178 S BAUAG)  Ab

UNEE 65 POP

1.3 ik
1.3.1 YR S5 B i

CCA ZLRPIAN B , — A SEA B B, — AR BB R > AR IR 28 1 B R AT HUA A
VERFEDT TR LSRR Ry Pl | B2 A T B0 Bl A 450 b 2 A0 20 A A T AR 22 158 I i 4 5 00 e
B ELRATBUEA A SE R R 15 B A D R B A A B . 2000—2010 4FE 1 2010—2015 4F 9 15 19 1 1l 2%
FERETT 1 2 178 A, PR 0T A 0 Ml AR b 28 AR 3R 17 bR B B BN G 0T JE A 356 x 17 Y W) B B B
(Species2000—2015.dta) KX 356 x5 Y FA5E B8 46 W 4545 ( Environment2000—2015.dta)
1.3.2 CCA Mk

FIFH CANOCO 4.5 B4, K- 1 o AR LSS BN A AR S A FH DCA TR FRBERE BE Rl 0 4 B, a2k 4 4>
DCA HE/F4b b s B fe KA AT 4, S R BRI (MR A G438, CCA) 5 /T 3, BB L ML AL (TT R 4317,
RDA) AT 3—4 Z[a], BIFME AL AT 20 ARBRSEH 4 A~ DCA HEFP Sl A BE K BE 43510 4,038 ,2.354,1.790
F12.021, Hopf B e KRAE M I 4, DR ISR FH MRS AR 5E 4347

FIF T Z IR 7 (VIF) X s m 7 2EA T4 e fr . 24 VIF> 10, Z 5 HAH TR AR AN £
LM SRR TR B EOfE DA THER , AT BR VIF> 10 Ms2m R, B 2 T A A8 50 VIF [H/N T
10, AWEFE -3 KU S35 H BB R O P9 A 77 BB R RO A 77 B H A S W VIF (B (VIF>10)
WM BRI A R X RS R P30 B R & PSR R | AR 7 S ) 7 2208 ik
-4/ T 10,

2 FHRMSH

2.1 SR AR A
2,11 FRHEEBUR A SRR

AL T A 4 AT, A 2000—2015 4F U145 32 22 (14 1 b A8 AL S YA VR M 55 A8 Rl ( Sy ) IR TR HB %S
A5 R TR T (Sys ) AETBHBEE AR R EHE (S ) JTTRFEAS J AR TR I (S ) T T HE A MR (Sps ) T LEE A5 N JE
(Spp) IRPEEL S AEIRH (Sgy ) THFEHE AL Jp IR (Sgp ) MR AL AR H (S, ) o Horhr, Sy BT 104187
hm® | S, B 107422 hm? | S #4+18 3235 hm?* ;S (HIH 165096 hm* | S BT 191527, Sy, 1§14 26431 hm?; S, Hi 1Y
54853 hm* S, Hi 28301 hm”, S, 15 26552 hm” ;S HrH 15621 hm*, Sy, HH 16803 hm”, S, 15 1182 hm’;
Sy BT 13927 hm? S, 514 199 hm? | S, ¥+ 13728 hm? . A4K |, U145 M 2000 4EF] 2015 4E[6], JH 8 R
RV MBS 26431 hm?, AETRHBIE AR A FE A8 26552 hm | AT 37 5 78 Sy ES4HRE 13728 hm®
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2.1.2 AN R RIAR AL RRE

FH% 4 AT, 2 B e 40 s 2 0 AR A TR 7 S A AT AR LU ) AL Sy TR S TR > RSB >R . HE
o TR AT AR 51.8% , I IR HE Y 34.3%  ESE K 12.9% 1A & HLAE 1% VAR, As R N
25 1 b AR AR T AR o5 2000 AF TR HU G AL Ay« I > YRT 3t > VR e > ITE . e YR AT AT 1
A LA R 32.2% (47.7%F1 29.1% , FESE 5 LIk B T 124.8% , 1T UL, T893 RT3t 100 b 2 g JOA 4 i T AR A
AR NNES PR A 5 N AT E: (=S BT TR DS PATS: K S op YAl

R4 2000—2015 £ 0)I| &8 KR ITY ERE R hm?
Table 4 Change area of different wetland types in Sichuan Province (2000—2015)

4 Year Snr Sy, Sis Swp Sy Six Sen Sex
2000—2010 55517 1132 93686 21524 57788 1928 106747 12005
2010—2015 48670 1248 71410 33329 49634 1512 84780 16296
J3T Total 104187 * 2380 165096 * 54853 * 107422 3440 191527 28301 *
ﬁi Year SRL SRS SRP SLR SLS SSR SsL SSP SPR
2000—2010 15 7026 6021 8 429 10655 237 213 110
2010—2015 5 8595 7906 17 172 6148 493 29 89
S Total 20 15621* 13927 * 25 601 16803 * 730 242 199

Swr : FEMEHBFE AL, non-wetlands changed into rivers; Sy : IEMEHIFEE Fpi1IM , non-wetlands changed into lakes; Syg: EMEHFEAE AR,
non-wetlands changed into swamps; Syp : JEMEHBHG 25 K PEYE | non-wetlands changed into ponds; Sgy : I 55245 JEMB ML, rivers changed into non-
wetlands; Sy STARE AR AR , lakes changed into non-wetlands; Sqy TR AR AR M swamps changed into non-wetlands; Spy : ponds changed
into non-wetlands; Sy, : T ZE AW, rivers changed into lakes; Syg: VA28 IR rivers changed into swamps; Sgp : WS R EYE  rivers
changed into ponds; Sy : WIIAHEAE NI, lakes changed into rivers; S;g: W% A5 K VR, lakes changed into swamps; Sy : VA28 R,
swamps changed into rivers; S : VHIFEFE7E 1IN, swamps changed into lakes; Sgp: VHIFHEZE A PEYE  swamps changed into ponds; Spp : PESEHEE N
AL, ponds changed into rivers;  3&78 £ Z IR AR LIS Y

2.2 (RS AL PR B A

FH L 2 [ 3 F15R 5 AT UL, A 2000 4F 2 2015 4, 448 - SRE I 0.5°C , B 3l 0.03°C/a, BT &3 fin
21.6 mm , I HAXTE BV 4.7% ;5 [ P9 AE 7= B N 26711.7 A20C , 8 3 k 1780.8 4270/ a, 42 N 11 K 1
fn721.3 J5 N 38R 48.1 J1 N/ a,

£S5 2000—2015 00 E FEULIERL
Table 5 The change of impact factors in 1990—2015

A Year TEM/C PRE/mm HUM/ % GDP/{Z7T POP/JT N
2000 15.0 954.7 75.8 3991.8 8437.8
2010 15.4 929.4 73.7 17077.9 9001.3
2015 15.5 976.3 71.1 30703.5 9159.1
2000—2015 0.5 21.6 -4.7 26711.7 721.3

TEM: F¥S R, mean temperature; PRE: FEMI i, precipitation; HUM: FEH MR | mean relative humidity; GDP . [E N A 7= BfH, gross

domestic product; POP: A%z, population quantity

2.3 RH AL IR ) TS b

X} 2000—2015 4F (IR AR AL A RIAEAS R 2 e PR F- 154 T CCA HEFF (% 6) . Hi3R 6 TIAHT, CCA /AT e —fh
FRHEAE M 0.387 , Wb 2SR AR AL A 0 R 7 RE S PE 2 0.750, REAR BRI 2E T A5 AL Y 26.6% , BE M BRI Hb 28 10 75
AN P AR A1) 94.3% 5 55 —BhARIE(E N 0.018 , 518 b RVAR (b I i PR F-AH OGRS 0.287 , BE R H
FRIALY 1.3% , BEAR RN R AR (L A i R A5 4K 19 4.5% ., 7T D, i 79 0l i 408 o 1 1t 2 70 AR Ak 5 52
W) A~ Z [ R AHOCOC &, H ARl 1 o, 55 1 HEp A S R RT i P YRR B | P AR 7= BB A 1 4t
SEIEARDE; 5P AR AU C 56 2 HE P SRR & P ARUR AR RSB S B ARG, 5 T AR R
UNIBE§ &30 :P N
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Fig.1 The spatial distribution of wetland types in Sichuan Province (2000—2015)
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Table 6 Eigenvalues for CCA axis and wetland types changes-impact factors correlation

i 55 1 b 2% %5 3 55 4 5
Axes Axes 1 Axes 2 Axes 2 Axes 4
PRE 0.0706 0.0757 0.0211 -0.208
TEM -0.4874 0.0902 0.0616 0.1221
HUM 0.0051 -0.1104 0.0021 -0.0699
GDP 0.6643 0.1094 0.0364 0.0187
POP 0.1572 -0.0869 0.1428 0.0222
FEAEMH Eigenvalues 0.387 0.018 0.003 0.002

T i S YA A 5 R D A A

i .287 .1 .22
Correlations of wetland types changes and impact factors 0.750 0.28 0-155 0.228
Vi b 2 R A AR AN 24
7JJ£P[_;7<- xkﬁf}ﬁ?iﬁ%ftﬁﬁi 6.6 279 281 .
Cumulative percentage variance of wetlands types changes
Sl S TR A A 5B R TR B A T 4
Tk b A AR £ 5 5 DR -l SRR Al 43 043 08.8 99.5 99.9

Cumulative percentage variance of wetlands types changes and impact factors

SRR P B R W (3R 7) 5 R P2 L GDP AT 18R X S B AR A 1 B 0] {2
( permutation number=499) | G843 5 fif B 2R B AL 1) 16.6% 30.7%F1 2.1% , 171 5 W 52 AT 347 4 X 1 48 X6
VB Hh 2R AR AR Y SZ e N (8 2 AN RE AR R b IS B AR AR 1Y 0.6% 1 0.3% , X B, SF-3<l .GDP AN H 4k 2
TR SRR ) 2K BN
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Fig.2 The spatial distribution of precipitation,temperature and humidity in Sichuan Province (2000—2015)

RT AESTEFFTERRBER

Table 7 Results from redundancy analysis using Monte Carlo permutation test

4528 Results TEM PRE HUM GDP PoP

F 45.493 1.538 0.793 94.777 5.205

P 0.002 0.136 0.396 0.002 0.048

AR FEJE Variance explain 0.166 0.006 0.003 0.307 0.021

K 2 iR S AR R AR 5 X7 i) 4 s [ (18 4) o BT 4 7T, 2000—2015 4
[, PSP A D A A A A 2 S R e A 70 O PSR 3 AR (2R T 5 GDP 22 IEAHSG, B GDP
g AR T A s TR 2 A PP Il VR PR M T ] ) 4 TR D 2 ] ) e AL o 2
Al L IEARSE , RIEP-2 R Fe i e o IeAh , TR PRI 5 AR IR 18] i 3% Ak ik 55 GDP LA 1 B 12
TUAHSE, BEE GDP AN F B BN, AL a2 5 W03 % 728 DDt i b 5 GDP 22 SR G, 2208 A 7 1]
PR AR 7 SRR 18 X35 980 91 90 5 1 388 ] ) e A 90t 380 M e 22 S T Rt o A 58 1 A A o, 5
P PP RE R RE RN e B TR ARG
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Fig.3 The spatial distribution of GDP and population in Sichuan Province (2000—2015)

3 e

3.1 U IR R AR AL Y SR 8h 1 43 BT

KREEWFF R RSS2 A AR A S 2 0 R L [RIVE FH A 25 5, % e [ A 3 4R L oKk it | Tl
BE PR gk EN A AE BN DB ECR N R ATk T AR R I, AR
AR 77 BRI S 2 DU AR AR ALY IR B N 1, X S5 KRBT 8 I A—5,

ALK, VA [R) 0 2 B AR A A BK Bl (R A e 25 5 o Herh N AR ™ B S e s 1) A2 Ak BB
] P A S A B S T b RIS A 2 Ay W ) TR ARG o, D PR B DU | 2 R PR R R DU A AE R
VLRI b T R A K Ly, 3890 T PRSI RIR ., PUJ1148 DA 2000 431 2015 47, [ P9 A 7™ BB N 26711.7 412
TG, FEA VYT U] HEZZ LA DB T RIS K sty | V0T K H 3 AR S5 7 P 3l 45 AR K Ly, K L TR
AW E KR, EIER N 68780 hm* , o AR Hb A% 4k 54853 hm? Vi f% 4k 13927 hm?®, JHEERIRHL AR fb 22
2 BIF- SR E N AR 7 B E BRI — 5T B PR B TR T A Al A Nk ) T ARG A 5
XA R a5 R — 8, R AR T Sl R PR 1 2 iR Ak, Withey 25U (G F ST
VL T 2k W 25 S EOREE RS . 51— 7T, B B P9 AR 7 SVEL R SN, VE AR b e A DA = Y b ) s
X IR aE A — 257 SRR R T, I 1984 FI| 2014 4F | (PR TE R R AU ik —
AR M ST PG N DB N TR LR B ACR R, 5 350 B e K7 T B 1 b T
FRORI AL T G ) 1 R VT = 43 A 1 PR A BT SRR SE T 1 ¥ M A H BOBUIE 1736 N, 12 XS 1 B A b
TAM AR I, KB 5 [ B P A 7= S 38 i (2015 4F 353X N 9 GDP 35 8] 476 {278, 5
2000 4 60 AZTCHIHLIEIN T 416 4270) , BOUR IR T X 1B R 57 99 G B0 AR RE I 1 ¥ e e AL, 4
2010 E] 2011 4F  #5/R S AE IR M e T A 0k & TR Ik 218 AL 1317 hm’ (http: // www.er-china. com/
PowerLeader/html /2012 /03/20120329081434. shtml) , £5 FRFiR A2 28 T (10 PR & J %t 0 )13 b T R
BRI R I 2 T BURAE (0 23R AR AR A2 -5 B0 Hb , R0 2 T8 31 b ) TR U T/ | R e A 4 R AR
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Fig.4 CCA order figure of different wetland conversion types and impact factors
Sr : FEMRHEFE A T, non-wetlands changed into rivers; Sy, : AEMEHLA%EZE 13T, non-wetlands changed into lakes; Sy : AETRHLAE AR I iR,
non-wetlands changed into swamps; Syp : JEVEHLELAE R JZEHE | non-wetlands changed into ponds; Spy : VT4 M IEMEHL , rivers changed into non-
wetlands; Sy : I R M, lakes changed into non-wetlands; Sqy : TH PR ZE N AEW i, swamps changed into non-wetlands; Spy: ponds
changed into non-wetlands; Sy, : I 25 MiBIIA , rivers changed into lakes; Spq: TIHEAE NIHEE , rivers changed into swamps; Syp : T FEAE
SHEYE rivers changed into ponds; Sy : WIAREZE M, lakes changed into rivers; S;q: WIVABEAE MR lakes changed into swamps; Seq: 15
PRFAS R I, swamps changed into rivers; Sg : VA VRS A8 A WA, swamps changed into lakes; Sgp: VAV FEZE N % 3% | swamps changed into

ponds; Spg: i 22y SACT N ,ponds changed into rivers
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