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Abstract; The normalized difference vegetation indexes ( NDVI) of the wetland in Lake Nansi are calculated on the basis of MSS,
TM and ETM + remote sensing data collected by the Landsat satellites. The activities of the wetland vegetations are deduced by
these indexes. By studying the characteristics of seasonal vegetation activities of the wetland during 1973 —2011, we revealed the
control factors of intra-annual and inter-annual vegetation activities. Moreover, our study showed the response characteristics of
wetland vegetation to climate changes, human activities and extreme drought events. The results can be summarized as follows:
(1) The characteristics of the seasonal variation of wetland vegetation in Lake Nansi are not identical in the past 40 years. The ND-
VI in spring decreased first and then increased, which may be caused by the climate variation (temperature increase) and human
activities such as reclamation and aquaculture in the study area; The NDVI in summer and winter present a significant decreasing
trend due to the effects of human activities. However, the variation of the NDVI in autumn is comparatively small. (2) The NDVI
and area of wetland vegetation all present single-peaked variation characteristics in term of seasonal variations in one year. They in-

crease in spring and reach the maximum in late summer (the 202nd day and 205th day in the year) , then decrease and reach the
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lowest values in winter. (3) To certain degree, drought is not the limiting factor for NDVI increase. In fact, since drought results
in the drawdown of water level of the lake, the beach and lake bottom are exposed. All these factors probably increase the NDVI by
prompting the growth of vegetation and enlarging vegetation area in the wetland.

Keywords: NDVI; vegetation activity; climate change; anthropic disturbance; wetland; Lake Nansi

UTILAAE A R ERAR (AW I P S A 56 il 2 25 2 40 % 4 BR 28 A i 17 5 335 7 14 F 5 b 8 JF
JE 2O SR A Ay il 25 AR G T O 4B R R A R R (AR S R G — T AR AR I e R[]
RET AU T A ORGSR B KRR CO, , 1 SRARAS T AR 74 9 K Sk 77 3030 M 38 ¢ )2
R BOMRLE NS, R EA ARG A R R BRAE 1 ZE IR R BRBROT A 2R KR COL MR b T+ R e
ARG R S S i B AR

AR RIS 6 Sl OUH R0 T, 30 AR 0 PO 075 365 07 2 24 i e BRE AL AR 3 A S R TS =
SR R0 TRl AR 75 R GER T ST 2 £ B T 0 SRR YR B A R RS B0 i, 41 NOAA AVHRR,
SPOT4 Vegetation & MODIS 45" R 5 BN AT LA S MUK A AR B0 , 15 LR ASE DL 3 24 75 3R 46 1440 2%
425 73 (net primary productivity, NPP) J7 it HATH EAE . SRR 45 50™ i BLAT B0 1 i [e] i 24, 1
FEREZS TR SRR AR T 3 T XU AR 25 R GRS W8 L AT — 2 10 Je B A1 0 4 iy F 19 41 1 R
VA — B 5 B (NDVI) S B KO 5 bl A4 25 R AR, 2R IR T Bk B2 LRI R
D3R RUBE KL 0 2 (1 8 A s Sy A A 3 20120 15 e I 3 9 3 R S5 O AR A 7™ 1Y /N X
B 5T A R GO TN AAR R (1 28 AR AE B 45 B D 35 SRR T 28 HLBF ST 0. il dm, £ Piao
A R R TR SR 11 7 ] A3 R ARG , BN R U W DX B AR AR L X (NDV < 0. 1),
IO T [ R FOAR RIS T RE R A T 1Y, (EAS TR SE 2% DA 1 8l A5 A AR SR AN B Y. DAL, 2 T
23 (] 73 3R 1) R SRS T 8 DX I AR A 285 2% 0 26 TR AR I 5 AN (SO ) WY S 20 1 285 2R e A A i
R i TR R BRI A g 4h FE. Landsat Z 50 TUAL B 1972 4F 74 Xk sty UL, J2 f il U000 B ] d5e
KIS 18] 43 R A58 2 1 3 SR UL, i e DX SR ok A< B ) 28 A R R AHE T AR E L AR SR LA 5 4
5T 32 NI 3 20 R A e P I3 DA SR X R Landsat 18 AR 89 NDVI AR AR 2 ) 5
B, 4670 3L 40 AF-F i VU T8 80 AL A A AT B 1 28 1 8 AR B FGA 1 PR 3R ) PR M A 94 X T 4 BR S A B4 )
JSAREAIE DT Bl M A 285 2R SRR AO0S  BR AR A I 157 A AR DAL

1 FAREXER

P (34°27" ~35°20'N,116°34" ~ 117°21'E) 2 F LA PE 1 &, A7 B B S T9F 7l L B g paiw) oy
ST R R 0 1 P T AR e R e PR L R R R 4 AR I A, IR LR 2 120 km, 2R
PUTETE S ~25 km Z[5]. B PUIAS (S Hh IR K ) 2 — R K LT AR e T T B IR B A AL, o L AR
B B AR SR FUK B E L, T AE DR T R AN A 25T Ay T AT R S T U R TR AR
PPRGRAE 1.5 m Zc A7 o W00 0 3 Y 0. 30 A 20 A ™ 35 A 2 MR 73 G e S AR K AR AR
B, AR IR AR AR N AR B A ARk, Bl AR A A A 176 3 B2 0, e IO ) A 25 BRI AR Ak
E%LZ%ZQJ .

2 HiESMRAE

2.1 #iE

MAERI DL X 115 5 Landsat B4, 8 — 0 a4 A V5 2 0 2 B o AR o5 B0 XA 5% L L
DA Bz phy T A% S O 2R 2 80 ( 2B MSS Hiudle ) 1938 AR, S 2¢O 8 i g DU I8 X B Y 1973 — 2011
AFY) Landsat LAY MSS ' TM 5 ETM + %53t 84 5= ,1970s F . H B L0516 2.4.1 4 5,1980s F & |
A FEA T 414 5,1990s - Bk A F00 504 0.4.5.5 55,2000 4FJ5 75 B Bk & Z= 00 HiA 1T
12,16 4 5. OB T 50 T PO it 4al P 1740 L 285 i DL 3800308 1 05000 1) 78 P O IR 1951 — 2012 4R 1 ST R
KA AR R R A A e XA R BER B 55 SN 1 R P B 7 T B f Ll B 1970s LAk



F N U 40 S5k dyve 398 W NDVI 5 AL 485 48 B 3 5 4] B F 47 457

MR A I € (SR B N S B O Y AV =

2.2 ARF*E

2.2.1 ERFKEEMWIEH B T4 M AVHRR MODIS DL & SPOT %5 (it ke 8 36 5= 5 (1025 1] 43 9 3R 4
65, o S5 L e L B 9 i D . 2 R 2 R AV — A AR S 5 (VD V) 550 71 e o 1 S I
AR BN AT REAE ; 17 HL 53R A9 AVHRR/NDVI 0% BB 9 51 1981 45, Lt Landsat T3 2 % b W8I B 137 10
A WA SE S Landsat 38 BECE R,

NDVI JEFeF RGN SRR TE 0. 69 wm Ab (3R WL IR, 38 3 21 R 21 40 i B 240 & SE B 9 15 B
(22151 RS YR S AR W 7 5 P BT 2B KOO0 A i LA RO PR B DR I o ok 0 2 )
B T ORI 30 50 L BRI AR A WSS 45t EVI(enhance vegetation index ) 38 i 51 A ¥ 3 BEAS
ST A R X B 0 R, B2 NDVE B — s T B BV g
BEfE S, R0 Landsat $8E (MSS) WA ¥ Gl , M I8 EVL R ICAET 58 (] NDVI 47 R4 A5 1R 4
ARSI, TR AR

NDVI = (R = Rpod )/ (R + Ryed) (1)

2.2.2 Mt NDVI B RiPir) NDVI B{E EAT — & iy i A8 o B 7 4 S I i 45 00 °F 130 1 2L A 4 vk B
PER A BRSO T2 NDVE> 0. 1 ifGOTSEARRBEIX ) NDVI<0. 2152 UK BIFK i . s B 5¢
H¢ NDVI <0.2 MR+, NDVI > 0.2 APNATRIBE ™ . 4R, 38 13 HF5E AR [/ 22 15 BF 52 X A Landsat #4% 53
Xt NDVI e 80, AN R FE w2 NDVI SIS ] - E R0 AT A0, KRR K AR (8 35 5 107 LV ) NDVI —
MER T 0. 55. FOKABE X B NDVI —{E AT 0. 42 ~0. 55 22 8], F Al A 0k s 451 25 B VR A 1% T 19 NDVI —fiit
7E0.1 ~0.42 2 [a], 4in K G o0 8 NDVI —f/NT 0.1 B2 N0 {E. 256w DU ISR At o NDVI FBAE ,
NDVI >0. 1[G FER M T X NDVI [ 38 NDVI > 0. 42 f{Q0THE 710 b 2 0 R 4 i AR S 3

2.2.3 EAKFEAE  XPYERM Landsat SR TR — Ko, RBRIN S Ml = 25 B o i i 2cdis. th
fifi F ) Landsat 28 E. 0 JLTAS I, AHF 98 BT BT A S AR AT 48— 3R D) 3K AR 48 X, F] Ff MODTRAN
RO AR S QAT IR R AR, SR E R A= (1) St TR AR b BN 2R R T i NDVI A, 3
Hpt T MSS i e band2 1 band4 , % TM 1 ETM + %048 %8¢ band3 1 band4 #1705 BH 2 8. B )G %S
Ho#) NDVI SEARZAMGOC TS, VB IR A 4 T ARS8 NDVIL Bl A EHS AL B AE ENVI 4.7 4
A IDLT. 1.2 4RARHFIE T 52 .

2.2.4 84 NDVI R ALHAE B 5% E & 47 T Landsat TR (0T 178 19k 18/16 ™ FLit % 4 = T4k,
T BB AR L NDVI AR A A SR AR 3 5] AR IR I ARy SR B0 1 AR AU iR £, Wik, b T &
PRI ST 10 AR A AR AR B T BRI 30 4 A2, A Z 04 B TR A 9 NDVI Y (E AR R AR L
A3 HT. AR R DA 2 S AR AR 2—4 H (il H (DOY) :32 ~ 120 d) 240 A #2E,5—7 H (DOY:
121 ~210 d) ¥4 E Z=,8—10 H (DOY :211 ~300 d) ¥) 43R #kZ=, 11 —k4E1 A (DOY 301 ~365d LK1 ~
31.d) Hl 43 428 Nof G 1 R A P AR AR ARAE AT, R ERS ERIR M A  NDVI I{E B DOY A5 fkits
BT HIE T 00T, 2 R AR AR TG 3h R R RS R B ) RUBE L % A . NDVI AR ARAFAE Y
P L.

ool P AR A IR T SCHR [ 35-37 1, 4 HR A LU BRI 7 T AR 7K ™= it B (L B AP K = A 46 L A8
ASFEATYTSEAS ). X0 7 (B AR 00y (1 B ZAB . NDVI Y {f il 24 4F BRI 4R 05 (SR 15 B0
TSRAT X ARy (4 522 NDVE W B4R, QR B WIS B AR i J5 1 4 528 NDVICT- 3, in SR i fl{ —
AR 2R NDVI BB WIS BERT S 2 AR BRI 35 B8 M Gt RS TR 7 SigmaPlot 5144 H 58 A

3 ZERSMEITE

3.1 W E R FHE RAZHI E F 53 47

TE 1970s 1% 2010s HIHYIT 40 47 (0], 39 PU I HU AT BE 4 F=F-25 NDVI 2 B0 R 18] i 10 e A2 A 43 AE ([
1). Horb 7= NDVI R BUSERE TG TH R 3 R M4 Z= NDVI B30I 25 69 1 B8 3 ik 2= NDVI LA
2.



458

J. Lake Sci. (#1a45),2014,26(3)

0.60 0.80
pe=s S
$=2612.05-2.62x+0.0007° 0.70 . »1121-00053%x
0.50 (R2=0A36, P=0.0216, Vl=20) . . ° (R —0,41, P=0A0007, n—24)
- 0.60
é 0.40 -
0.50
0.30 -
0.40
L]
L]
020 , : — . 0.30 . . . .
1980 1990 2000 20104 1970 1980 1990 2000 20104
0.70 s
070] B K7
: 0.60 1=14.23-0.007x
. . o  (R=033,P=0.016, n=17)
0.60 - 0.50
° °
= . 0.40
80.50 *ee . '
* . . 0.30-
L] L[]
0.40 . . .
. e 0.20 .
L[]
030 T T T T 0 ] 0 T T T
1980 1990 2000 20104 1970 1980 1990 200048

P 1 [) 24 R AL NDVI AR BR AL AR

Fig. 1 NDVI inter-annual variation of different seasons

11
o
109 re=0.08, P=0.1213 0°
..
o 77
P@ o e
S I
W . . o
H@ 7_ e o
° .
° * e © R>=0.28, P=0.0029
6-4® .
\d .
L ]
5 T T T T T T
1950 1960 1970 1980 1990 2000  20104f

& 2 1951 4ELIRI 5T K BF S IR AL 3

Fig. 2 Spring air temperature variation

since 1951 in the study area

H 7R AL T3 NDVI A0 R 835 1
ZA7 (P =0.0216) (& 1). LB H5 K 2 4B
B, 7E 1990s 2 [ % 2 NDVI 5 F W # %, i
1990s 2 J5 B b Th R s VE 2 i s &= &
FA B NDVI RN S8 SR R
THEsl i By, 542 2 o Z= SRR £ B, 78
1980s HHAZ T, ARSI L A BHARE(P =
0.1213),1980s il > J5 & %< A4 B % b It
(P=0.0029) (& 2). th THIFEIX A A & 4k
it =, FLAE 1970s FPH % 1980s HHRSIRA
R AR IR A /N 2 SR R S B
SN T R T R 0 A I T R R
g U513 NDVI )R .

2R -8 NDVI R [ a3 1 5
(R*=0.41,P =0.0007) , NDVI -5 45 4 T [

0.0053 (&1 1) . % 20 UMK B, oA K I B A B ta 3, Br IR B 73 s NDVIE )R
R AT W R ). 2 A2 ok F A 6 3l , BIFSE X BT 1990s JTU6 K N T3RFE , K MUBLEBEE By JH2
T 7 Y R X SR T DL 3 SO S -2 NDVI R . A0 & Bl 85 ik
K7 V-4 NDVI 5 35 AN (P =0..0008 ) (18] 3) , Bt — R A i 3 7 230 17 = F= R kg 9 NDVI (19~
WE. 73 5h,2002 4F B % NDVI AT — D ) i (1B 1) 32 R O 25 AR A i 1 5 5 B0 T /i D980 3 - 42380 1
TR ST 5 R I U8 AT AR S B ORI, 1 AE IR M AR B VDV 35, 35 S



F N U 40 S5k dyve 398 W NDVI 5 AL 485 48 B 3 5 4] B F 47 459

T R BT R R K 5 W0 S SR 42 WA e NDVI 2 115 22 [y -7 S5
IR G T W3 AR RORCK A NDVE 8.

14 0.70
124 —e— Jfill 2 E 0.70
_ —o— NDVI - 0.65
ER - 0.60 88 X060
L g ﬁg
i L =
L6 03 g £o.50-
= L S K
& 4 050 2
040 3=0.61-0.0132x
24 - 0.45 (R2=0.69, P=0.0008)
0 T T T T T T 0.40 0.30 T T T T T T
1975 1980 1985 1990 1995 2000 2005 20104 0 2 4 o6 8 10 12 14

Hall 7 E/(<1041)
'3 1970s J S LIRARC LSl ™ (-5 060 107 AF (398 b B 2 F- 35 NDVI 284k

Fig. 3 Variation of Weishan County fish product and matching summer mean NDVI since the late 1970s

K10 M A e NDVI 4 (B304 W] 0 ) 728 AL #

o TR R TS NOV B i
b R 1990s DIRTIOBGRE D ek T o O] 1
(7R 3. 53 4h,2002 4R OB TR R 80 o @
TR NDVI G G S, TR T T Bk 0
B ] AT NDVE A (a3, (i HAR (R i 3% @”‘
IR 1 RTLLW) 7 76 2002 4ERK B RTIG NDVI ) & O
R AR A BT AL 4) k207
F 2002 4 RHITE K FoK IR ARG T L2 BT 407

19992000 i1 2001 4F 7Kt g >, I BLIE i 1T 247
618 D 2002 SET BT B . th T T
SRR KB AR IRR T4 1951 FUDRBRIE R AEROKCRI P (e ik
Gork e 1% BT e AR R B FE T P T G Fig. 4 Annual. precipitati.OH anomaly

T K I TR 75 A AT TR 5 BT change curve since 1951 in study area

MK AR RS ST e 2 S EOR MR B NDVI R 4F

PRASFLRFAE A 35

ZZEAEPE NDVE B T BRI (P =0.016) ,FRJEEAFE TR 0. 007. ZAFRMFFE X A& T RAT W& 3
HF(P =0.0001) , KA .25, (EIR A Z2 SR W] A TR o A 4 1 Bl VR B, okl A T e, 3 i 4 2
TR, 3 H NDVIARAR. (R & Z R X A6 B NDVE 7R A2 i A W S 20 4 A NDVI T R (1 RV R AT
RE A NI 3, 428 H ARAERONG B0, LRI AR B 52 Ff R AN ISR I [R] 49 52 W), NDVI R BE 32 25200 55 41, fna]
F AU NDVI BT Be—FE V05 00A% SR 28 Tl T g 5 30 NDVI B B
3.2 #WET T UHFERIES EF o0

He42AR 84 SRR AR HU A WY TR AR IR - 45 NDVI 7353 5 4% W H (DOY ) 80 s I A7 i 2k 40
(K S) . W TC I8 Je 0 AR 9 A0 ARG J2 I 7 25 NDVI 0 A7 70 A 35 1% R e 80 22 35 R AR R AIE (P <
0.0001) , M7 B AR FE R R IT 46 LT, 12 AR B, AR5 Bk ST W, 7R 4 Rk 2 A fIX.

T S P 2R AL B 2 5 R R — B L, I S H— B R SE T & ()" =0) , ARG PR 7R — 4R Pk
BIEARAA M RNE B T FER I, IR R R BUE AR AR (5 202 d 3k B K, Oy 656. 56 km” M -4 NDVI AE
BAFRYSE 204 5205 d IR, 4 0. 58. SEPRAY BRI A Bt i ZIRAE U (181 5) 724 A I )
(DOY:1 ~50) , M4 IR FN NDVI HAF AR B 3l , X 0T BE S 1 T2 39938 3 PAY ) A AR BRI 728 T35 Al

-60
1950 1960 1970 1980 1990 2000 20104



460 J. Lake Sci. (36 #3) ,2014,26(3)

£ 5 RELB 1T ARRISF-25 NDVI AU 5 8 B i BRI 77 8 W1 i (L DX 3, 3T R PR DA 1 il 2 DA I
WK i R E 7 00, WK 3 I S BOEIIA KA b T B 3 R, 208 5 B SR (B Ak (9 SE PR NDVIIR T
HI S AN EF 49 Bt , SRR A TR AL AT LR R AEL (980. 97 km® ) HIE M F- 34 NDVI (¥R K AR (0. 71) , 8 B
1E MR Z AT 5—6 A 4.

1000 o oo 0.704
o ® o4 .
. . |
£ 800 o ° 0.60
< ° ‘e
= : 050
& 600 =
o £ 0.40-
8 400 5
3 B0.30
= e
= 200
—| - 2
o =122.80+7.72x-0.0191x% _ 0.2097% ° y;?;é659§+,9;%°§§3 : 0'9‘;30093" *
07 (R*=0.47, P<0.0001, n=84) 010 (R*=0.50, P<0.0001, n=84)
M T T T
0 100 200 300 400 0 100 200 300 400
DOY/d DOY/d

S SR i BURIF- 2 NDVI 925 22 (R

Fig. 5 Seasonal variation of wetland vegetation area and mean NDVI

Y HR RN NDVI B33 — 75 35 5 AR AT 32 557 3124 S 4 PR T (3 o T 3 o BT 5 1K T AN K 1 25
AR AR EAT ST S (TR 6) , AR5 I 2 W BA 00 A A A 0, & BRI R K A 1 B 2 R R K
IR KAN. SHHE B TS NDVI AR 8 245 28 A b AiF -5 4 M /K A8 AR A — 35 3 2 46 84 A1) 114
NDVI B85 B8R Gy HEATSEROF 321, 9115 %8 87 3 53 B4 2 45 - 149 0 A0 8 K i a0 A7 0045 407 48 2R 30 ( [
7) NDVI H¥)MH-5 A 35 R B AR A B 3 MR VR TE MG SE R (R® =0.93, P <0.0001) , H A4 T
10°C 32 M AR F- Y49 NDVI K3 0. 1. 15 Ay R DO 41358 4057 7 e 25 JE2 Y4 X, /043 ) 26 A 1 2 B 25
B SRR S0 R R T ) SRk R AR S NDVE ] B A AR BRI A G (R =0.90) , {H il
TR 3 T K i A T LTI 1 K R AR T TR K PRIk T ) K AR R A
BT RBUAIND VIS (L7 1 R T

30 350
25_ I I I 300_ }):189,026'03(("'7729)123)
(R*=0.92, P<0.0001)
20 2504
&) £
o 15 £200+
& i
104 2150
sy
5 y=17.46+12.23x—0.89x2 100
(R=0.94, P<0.0001)
04 i 50
-5 ol L h
T T T T T T T T T T T T T T I T T T I I T T I i
1 2 34 5 6 7 8 91011 128 1234567 8 910111241

6 BF5E X H 5 R i 21 A AR

Fig. 6 Seasonal variation of monthly mean air temperature and precipitation in the study area

3.3 i#it

TEANR], ZEBLH 23 ) RUEE L S B e Rl SR, A28 Bl T i ) 28 A A A A RE RS 21 3= S A
FH AR PCRRAE A 42 PR A R K A [ AR R R 5 % 0 T BRI B LA AR S R ek
RUFEARAEAR PR 1 R R R AR KBS BB NDVE s . JCHAE R 2, ih T A5 R i & 2R



F N U 40 S5k dyve 398 W NDVI 5 AL 485 48 B 3 5 4] B F 47 461

0.70
0.70+
0.60
0.60- 3=0.30+0.01x
: (R=0.93, P<0.0001) 1"
~ 0.50
: N
3 0.507 S =
= 5040
ﬁ 0.40 m = 1=0.0875+0.0988 In x
0304 47 (R=0.90, P<0.0001)
0.30
0.20
0.20
T T T 0.10 T T T
0 10 20 30 0 100 200 300
A¥RiE/IC A #j7k #/mm

& 7 NDVI B ¥1E5 A ¥R B A A 24T

Fig. 7 Regression analysis between monthly mean air temperature, precipitation and monthly mean NDVI

16 T AR B A SR IR 7 , 5 T NDVI R fin

AEL X T 251 L0 35 e S5 UL R i /N DX Jsk RLE 012 245 3R BB W T 5, 056 3 DR 5% S i % 1
19— AT BRI DR T, 50 WK 4 M S [ I ) RLBEE 4% 1 4 P 1 A e 4R PR R |, R Tl
ZEA5 ¥ NDVI A5 R [R] (9 22 BUSHAE AN g il AL (E LA S A S0 o . (e 4F 9 2545 RUBE I, S Hufs b NDVI
) 2 58 57 A A4 A% DR 74, 28 B R ) P 6 A BRI VDV SR BRRS hn B . A, T DU T 9 b
25 RGBS (NDVI) 7532 B R A5 S ) S0, o S 448 e 90 36 e s 25 T A AT B 42 R
I5) T Ak Jo b B2 SRR AIE 3 0 2 e 940 0 et 3 0 AR 55 10T 0 55 45 S8 7 BT 940 38 30 19 A0 3 i
S A AT X AT BIBIFSE , DR B8 A B 2 L A7 2 ) RUBE b 0 S B, T A ph T4t
PEPR AR B AN 23 1) R - 42 S ke 1. DRI R 2 1) RLBE b (RIS 49548 /N s i) RSB 5
I — 5 T S 2 ] RLUBE b F) S0
3.3.2 FFR MR H R MM BRSOk B ARTF TR BN R L g (MSS  TM Fl ETM+ ) , K[R8 Landsat
TR Z ) E A AL I B 2 AR AE— 8 2259, JE L MSS 5 TM/ETM+ 2 [1] (4 3 B 157 bR AR %S [ 43 W A7 7E
s TN AT AR B A BRI NDVI R b S iR R SR 534, Fh T TR G T R A
FEIX b2s 7 A KR, BRI Landsat 18 R IO A0 R R R , A B4R GBI 2 — 1 A SEAE (Y 3D, X
S A 7 A 3 H7AL T REA7 A — S,

4 g

ARTCFIT 1973 — 2011 43T 40 4FH Landsat LA 08 BN , TH53 1 9 VU540 AL w10 BURISF- X NDVIL BF
FE 1P U M AN [7) 2= 15 RELA 06 2l O AF B A2 A 34 FAR N AR FRARFAE , JF 0 17 3 28 Al i 42 34 P 1, 453
AR 458

1) R PO AR BT 29 NDVIAEAN TR 2245 YA BRAS LB S A ), Pl PR BN A ). 2 2 NDVI 22 3
SEREJE TR RS, BT B AT BB X — iU AR 2R D sl R 3 Sl & PR IS 5% IR e Lo sz
BRI N , 1990s 25 MR AR AR 1 Z A7 LA i R 3. T B 2R R4 2 NDVI R 52 LI 25 1) R R
e, 5 B A I LRI TG 20 R 3, b K 3 NDVI AR R [ 0. 0053. Bk %= NDVI {94F brsfe
AU

2) 1 VI M LA R ARURD NDVI AR W] S 1) 25 8 AR RFAIE . AR T AR NDVI 8 TR R TF I 1, 7 5
FIR PR KA (e RRAF B2 202 1205 d) , SRJ5 JT 4R T R, BI04 2= 2 (K. AIF 5 DXl o 388 M A 4%
NDVI (¥ A5 fie (2.3 (P <0.0001) ARG Sl 7624 U ) E42 N 7

3) X T WIRARE Y, 5 (R ) AR AR K (NDVE 38 ) 9 R 528 38 3t A i 1 572 <
SRR AL T B A — i R B b B AR A RO BRI AR . g DU 2002 45 i I 9 48 s+ 52 0
e — MR R BT, 244 R I A B T8 ARRNST- 24 NDVI B8 Y 4



462

J. Lake Sci. (#1a45),2014,26(3)

4) T U BAT SRR AN A R ) U T 1, S UL A 7 R B AR A RRAE SR A% , M) e 2 1)

Y BEERRIE BB, 456 AR S A SCH T REES 0T, 0 TR KU AR & 3 b 2.
it s Bl £ B X R #5388y (United States Geological Survey, USGS) 34 X & 9 Landsat i & 3 3% ; Bt P
AEAF AL FIRS T SRR R A F 35 809 F A A A LA R 3

5 S 3k

[1]
(2]

[14]

[15]

[16]

[17]
[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

IPCC. Climate change 2007 ; The scientific basis. London; Cambridge University Press, 2007.

Myneni RB, Keeling CD, Tucker CJ et al. Increased plant growth in the northern high latitudes from 1981 to 1991. Na-
ture, 1997, 386 . 698-702.

TrkE AN B4 R AE. T 20 ARk h AR S e RS0 T ERLE  C 4 A AR ,2003,33(6) ¢ 554-565.
AMIETE , K 2. 1982—1999 473 [ il M AR B3 Sh M2 Ay B2 A9 2745 25 5. M B274f¢ , 2003 ,58 (1) « 119-125.
WTeG AL 7 98 e S A B 2 A ROH 5 AR R T 9 O 3R A A 45244, 2006,30 (1) = 1-8.

Piao SL, Friedlingstein P, Ciais P et al. Growing season extension and its impact on terrestrial carbon cycle in the North-
ern Hemisphere over the last 2 decades. Global Biogeochem Cycles, 2007, 21. doi. org/10. 1029,/2006GB002888.
DR, 22 i1k A ERAR IR 5 M A A5 R G RS R . B IRFSY 2001, (2) + 120-128.

WRECHT, 5 78 . R D ae S RLE A B Y ). f iR ,2003,1(1) -« 7-12.

Pauline M, Ross PA. Climate change and intertidal wetlands. Biology, 2013, 2. 445-480.

BUpeds  ERRE, Y AR WM AE S R G BRI I MR R AR AR EAEE,2006,15(5) : 1091-1095.

SRR, AR B WSS, MR i e R A DL A Al . Bl R , 2013 ,58(2) ¢ 170-180.
Duarte CM, Middelburg JJ, Caraco N. Major role of marine vegetation on the oceanic carbon cycle. Biogeosciences, 2005 ,
2. 1-8.

Scott D, Bridgham CA, Johnston JP et al. Potential feedbacks of northern wetlands on climate change. Bioscience, 1995,
45(4): 262-274.

Kevin LE. Wetlands and global climate change: the role of wetland restoration in a changing world. Wetlands Ecology and
Management , 2009, 17, 71-84.

Virginia B, Jon K. Climate change: potential impacts and interactions in wetlands of the United States. Journal of the A-
merican Water Resources Association, 2000, 36(2) : 313-320.

Tucker CJ, Pinzon JE, Brown ME. An extended AVHRR 8-km NDVI dataset compatible with MODIS and SPOT vegeta-
tion NDVI data. International Journal of Remote Sensing, 2005, 26 (20) . 4485-4498.

FIEX4, X 3], Huete A. AEHEHE BOWFFTE & : A AVHRR_NDVI %] MODIS_EVL A 75244 ,2003,23(5) : 979-987.
Huete A, Didan K, Miura T et al. Overview of the radiometric and biophysical performance of the MODIS vegetation indi-
ces. Remote Sensing of Environment, 2002, 83.195-213.

Liu G, Liu HY, Yin Y. Global patterns of NDVI-indicated vegetation exiremes and their sensitivity to climate extremes.
Environment Research Letters, 2013, 8. 1-11.

Piao SL, Fang JY, Zhou LM et al. Variations in satellite-derived phenology in China’ s temperate vegetation. Global
Change Biology, 2006, 12 . 672-685.

Piao SL, Fang JY, Chen AP. Seasonal dynamics of Terrestrial Net Primary Production in response to climate changes in
China. Acta Botanica Sinica, 2003, 45(3) : 269-275.

TR sRARG 5 RAE BET RS FI FRAGSTATS f R U 8 ik 554 WUAR Jop i A8 F 2. Aoll W8 U84 34,2013, (1)
108-115.

Maria LC, Nicola Z, Stefania M et al. NDVI spatial pattern and the potential fragility of mixed forested areas in volcanic
lake watersheds. Forest Ecology and Management, 2012, 285:133-141.

Rebecca AB, David V, Teresa NH. Browning of the landscape of interior Alaska based on 1986 —2009 Landsat sensor
NDVI. Canadian Journal of Forest Research, 2012, 42. 1371-1382.

Jamey HA, Keith TW, Bhushan G et al. Intercalibration and evaluation of Resource Sat-land Landsat-5 NDVI. Canadian
Journal of Remote Sensing, 2011, 37(2) : 213-219.

SRAHIE v 3, IV SCAE. T P 4 1 B K BRI i S T ,2002,33(3) ¢ 314-321.



F N U 40 S5k dyve 398 W NDVI 5 AL 485 48 B 3 5 4] B F 47 463

[27]

[28]

SRALKE, 2 R, R . K 50 4F 2k e DU ) 05 K SCRRAE B A= 25 2 Gl Akl #4317 b BEAF 55,2007 ,26 (5)
957-959.

TR, SRAHES , B AR AE. 1987 — 2008 4F R U 1 90 b A B 5k i £ P 25 AR AR RRAE. AR AR AR 2, 2012,21(9)
1527-1532.
R R, I AP UAE. R /KL IR AR 2 T2 %0 R D0 ) B 458 1) S M) B 3o 5K . 7 &% B TR 27241 ,2006,27 (1) -
Tucker CJ. Red and photographic infrared linear combinations for monitoring vegetation. Remote Sensing of Environment ,
1979, 8. 127-150.
Liu YB, Song P, Peng J et al. A physical explanation of the variation in threshold for delineating terrestrial water surfaces
from multi-temporal images: effects of radiometric correction. International Journal Remote Sensing, 2012, 33 (18) .
5862-5875.
MR =, RS T RO Y A W K AR AR B k. WIAR 42 ,2008,20(2) ¢ 179-183.
Sobrino JA, Jiménez-Munoz JC, Paolini L. Land surface temperature retrieval from Landsat TM. Remote Sensing of Envi-
ronment , 2004, 90 . 434-440.
NASA (National Aeronautics and Space Administration). Landsat 7 Science Data Users Handbook, hitp://landsathand-
book. gsfc. nasa. gov/.
Tt R, ERGE R T AN U AHT T ——BCE IR S AR AR U . Gt R, ERTTRE, 2008.
PTG R, ERGH RS T A . PrT gt T 2008. PNERBTRE, 2009 96.

L Sy SR AR S 4y S 4RSS 2003—2005 ; ¥l RS - 5 154E,2007.

AR K SOK BB Ja1. 2001 5 2002 4 L ZR 48 7K BEIRA . TFRE IR 48 /K SCOK B IR B = , 2004
Zhao MS, Running SW. Drought-induced reduction in global terrestrial net primary production from 2000 through 2009.
Science, 2010, 329 940-943.



