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Dynamic change of vegetation cover and productivity of Poyang Lake
wetland based on MODIS EVI time series

Linlu Shi?, Yifei Jia', Aojie Zuo®, Tonghui Ma’, Jialin Lei', Guangchun Lei", Li Wen®*

1 School of Nature Conservation, Beijing Forestry University, Beijing 100083, China
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Abstract: Poyang Lake, the largest freshwater lake in China, is one of two lakes that maintain a natural
hydrological link with the Yangtze River. The lake system is critical for biodiversity conservation globally,
harboring large number of migratory waterbirds. During the dry season, Poyang Lake fragments in to
numerous sub-lakes, and different sub-lakes have different hydrological control and management mode.
However, the recent hydrological alternation, presumably caused by the operation of Three Gorge Dam
(TGD), is threatening the ecological integrity of the lake system, especially as a wintering ground for waterbirds.
A robust investigation of the effects of TGD on vegetation cover and productivity at this critical biodiversity
hotspot is therefore timely, and could incorporate recent advances in remote sensing and ecological modelling.
In this study, using MODIS EVI (enhanced vegetation index) time series, we investigated the spatiotemporal
patterns of growth in the lake for the period of 2000-2014, which includes periods before (2000-2006) and
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after (2007-2014) TGD was commissioned. Firstly, we extracted 107 16-day MODIS EVI time series (February
2000 to April 2015) for 10 randomly placed transects across the lake. We then applied the adaptive
Savitzky-Golay smoothing algorithm to the EVI time series, and extracted four key growth metrics, namely,
the starting date of growth season, growth season length, seasonal peak EVI, and productivity index. We
found significant associations between the hydrological alternation and changes in vegetation seasonality.
First, we found that the vegetation growth characteristics of wetlands under different hydrological control
modes showed significant differences. In particular, the vegetation located in the freely connected sub-lakes
had a later start of growing season, shorter growing season, lower peak EVI value, and lower primary
productivity compared to sub-lakes of other modes. Second, due to the hydrological alteration, growth
characteristics of sites in freely connected sub-lakes displayed two cycles per year and differed significantly
before and after 2006. The advance of the autumn growing season led to excessive accumulation of biomass,
which reduced the palatability of the food of migratory geese. However, this difference does not exist in the
sites located in the local controlled sub-lake. Third, free connected and local controlled sub-lakes are both
important for the protection of migratory birds of Poyang Lake. It is necessary to protect areas harboring both
types of sub-lakes to provide a wider food source for wintering migratory birds. Local hydrology control can,
to some extent, slow down the impact of much larger scale hydrological alteration on wetland vegetation
growth.

Key words: time series data; remote sensing monitoring; vegetation dynamic changes; TIMESAT; hydro-

logical alternation; floodplain lakes

Bz W A S R G R b B 2 R DL K
EMRNAES RS, RN EZEMNIAES RS
Z —(Naiman et al, 1993; Dudgeon et al, 2006). H:HH,
BB s /KRB (. 30055 ¥ i s 511 kS (7K
CAFAK (Waal et al, 1995; Zong & Chen, 2000)541 |
FEWE R 194 K (Barnes, 1997; Jamieson & Braatne,
2001; Egger et al, 2012), *J4=EKim i@ MEEHIAS R
G ()4 e 3 B 1 AN R R FE () BV (Rosenberg et al,
2000) . KIUR)IE AT 23 SEIR R K AL 5 B PR
(Wen et al, 2011), ] # 2t /KILshE D, W
1S MENR A R B 5 2 BB AR A RO, PGS
HE A Y R 22 M (Magilligan et al, 2003). ATl
IK SR G B J5 A A K ST AR AL, 2R AESS
R T2 N AR PR 358 R K SCAR AL 52 1A T 1A )
FNASHEF T (Auble, 1994; Mahoney & Rood, 1998;
Baptist et al, 2004),

ARk, BHAE RERER I KRR, WS v A
R AE A AT KRB . K. SEmfEh AW, ix
O SE B MBI SN R B 1) B A AR Ak B T T R
(Shekede et al, 2008; Fu & Burgher, 2015). HH,
20y PR 8 A% % 151X (moderate resolution imaging
spectroradiometer, MODIS) & B %4 th T- FL A % m
PRI TE] 73 %, 3 — A A 4 48 £ (normalized  dif-
ference vegetation index, NDV/I)AI1 55 B4k 4k 15 %t
(enhanced vegetation index, EV/I)AE L1 52 Wil

32 7T Z M H (ZE Ak, 2006; Zhao et al, 2009
Sims et al, 2015). 1, H%45(2013)H]H2001-2010
FEHIMODIS EVIEUE 73 Hr 1 32 104 A A B 78 18 7K
WKL TS 5 M iR g A K AR A, &5
REYIEVI S M A KRN BA B RIEE, i
MR AT EE 10K, EVIRME T R0.02. EVISHEY
)51 F 25 U1 AH 5% (Huete et al, 2002), &iHIEVI
REE@IDCEIERAMR R, FIEVIREBARHEY
FR) B 23 R (Tucker & Sellers, 1986). T AEKITH T
i LTI LT %: MR KV e = K /K ) s I il VA= R G e ]
TR B A, FAA ALK G A AR s
JIEA(GR IERY}, 2008; R ARSE, 2010), A LAEVIA R
th 2k 58 % A A BE L S 2R 1 BN A AR K
(Guan et al, 2014) . S5EGEBORAE VAL, KB
R o S M U LA R VAT Az
AR IR . ARANE BB RS A, ORI
ol e 5 ) — B F, A5 O — W T A Y
0 J514(Cai & Yu, 2009).

AL AL it i DX 78S BH 0 A e 1 o KR iR
KRS RS, BZFENF KM, WiHEN—
W, ZZ9RKI, A TR . TR TR
15 AR A AN N T B (1) 0 FE e, B/ BRI K AL &2 32 2
TR, BHAERS RS IES ) POE AR TR
(Fang et al, 2012; Guo et al, 2012; Zhao et al, 2013).
R R KV B Y = 0 K 12006 4F 1E iz 17 PR,

i

it



EEE

830 4 ¥ % B P Biodiversity Science

26 %

TS B 7K AL T Bt 34 50 B I (Feng et al, 2013). i
SRk 22 (1) BT 5 3 T %o 3808 B 9 7K 1 AR 3 BT 5 S0 A
X 4 B A4k ) AT T IR (IR 4E, 2009;
R 2011; FKJ7 4R, 2011), 1H i TR K IES:
) 1 I St DA R R s AT IA M I PR, R TT R AN
IKSCRE AR O MR 4 Zh S AL T . AT
FIF TIMESAT R NEVIGE ST (A K i 28 rh 3 A
KAEAR, 43 H12000-2014 45 7 [ 7K SC 4 il T 8 BH 7
(PIAE B 78 5 AR 7 AR ka3, DU B AR 2S
RGUKNE & BB 2K o

1 WRXEHRR

BRI AL il r 2 L4 LT, KGN
WL POl ABIL BRI AME K KK 2 R 1 B R
SESCRAKIK, B EEARIL, 2R Rt
R (K1) - RFE 4-9H 9T, AOKAL Lk,
HBER— ;105 283 AR K, AKALEE T
B, MR OT R 2R K, 2T k.
LRV T ol 8« KR S I H B PR 20T,
MMV Ak rE . T RENAEM, 2F
THEEREMZ N, OO GRHAZ) [FHPrE
FHEHAL R o [N, BB AR M- R PG S T 4

PR b EE ) — A K SR AR, R IRE KT
T IX 7Y 28 2R IV X g R A g 1) g 2 8 2
Z/H 1AM WK S A, AEBANKY
HA 27/ DL M P R i I 4 BR R R
=1%, Ho, tREYFh 3 (Leucogerauus leu-
cogerauus)7F bk & (1) £ Bk B H A Bk A A= 1
98%L)_F(Ji et al, 2007; TIJF K, 2013).

AR SC DA S 2 908 B 9 e v 7K AT %) A 9 9 L
S TEIX A T 3,124 km2HaHE 52 X SR (1) o

2 WRAEE

21 MERIEE

27, HSBHIR — A 2 A AR R R
TLA, ASEFIAEEE AN E R AR
F ArcGIS M 4% 73 %1 T 5ok w72 X 38 43 1 29 1074
8 km x 8 kmr Pk X I8 I F2 B O s AR A R (]
2). MRABASCHEHIE AR, He T mks T
T R (digital elevation model, DEM)FH S H i 2,
BEIX LR o AR ST [l H(CO), BRI TIH(CL),
7K S Je) 0 45 i) 151 (C2) A 7K S H % I8 781 (C3)
(E13), HArC352 K7k Lk 2 () s F 2 K, CO
AR .

N -\-a,-_‘-w

29°30'N |

29°0'N |-

28°30'N |

N SHRIL the Yasfgtze Rivs 0510km B

A Ll
B ¥ Xingzi

29°30'N

129°0'N

\_128°30'N

116°30'E
M KI5, Water

El1  ERPRABHEKEA(A) S FKEAB) =MD

L 8
116°0'E

UM Mudflats ™ FY Grass land O Bf5E XI5, Study area

Fig. 1 Wetland landscapes shift from dry season (A) to wet season (B)
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Fig. 4 Typical growth cycle for sites. A, Upland; B, Isolated (highland); C, Isolated (outlet); D, Locally controlled by sluices; E,
Freely connected (one cycles per year); F, Freely connected (two cycles per year).

SEINEL, 7E20064F 5 (19K 2 E i S 2 A KA
IR A T 8RR, ARA = JTUR 2 AEF71E0.8-3.3 2 [A] %
3, BiEEAEREZER.
314 BHEENTFHRS

X F 5 K0 E I X, AR R
KA HA(EI4E) 324N A= K IR 2 (B14F) . 20064F
ZHT, A AR K R T G 1 N D8 AT (1S
), WIS T —ANERKAEKZFEKE . (H20064F

PLE, EKEAMERL, FREnIratmsE2iNEt
K, 3+ HEEHEN I ES . T R85
SRR 2 B AR (I 4F), S #A7E 20065
2GRV 5, 24T L9 A RS 4E1H
(IR ) [B) 4, 3% 32 B R T3 YA K AL T B e sl
[]; [, 4277 73 20064F DL 19 35 7 H 38 i 118
P I HEAE Z A 4 I AR (191 412008 4F
20114F 520134F).

BE

S



ERT

834 4 ¥ % B 1 Biodiversity Science

26 %5

32 ARIKXIESHIFHEREBERESINESR
a2

o AN [] 7K S 4 1) 28 ) £ A 4 2B K 48 b 43 )
TR Z 00, 4R ER(E5), MCOZECS, 4

KEFTHIR I EE S, A KRR L i 4

EVIEAE 547 113 RBUE L FRR S . 5 CoRn
CLAHLL, C2F1C3 SOSHE A 11 i i BH S 58 fin & 24
TEFT A I Fe bR, AT HiEE: R4(C3)
e R S AL R R IR A BE 2R EKE
FrEGRRal e, A KA, EVIEEIR, JRAEKS
W BRI A P2 AR () o KA 358 ) T3 AR R A5
(C2) 5 ifi th (CO) FH B B9 11 (CL)FF s AH L, REE
KT ORI B ) R A K 22K 8 T I8 35 22 7 (JI5), (H
FLEV B RN A 7= g B A5 AR o i b R B 2 -V A
MEAMBI AR, AKFFFGEAR TR, AK
FRJEMA = IR AE REER, (HEVIEEA T
# % 7 (&5).
33 KIFETSRIEEHBEME~NEFREST
KT 13 () = e K 3120064 1 0z 47 BASK, &6
BHIBZK AT R b 34T B 2 o 7 58 B0 E 3 7K 4k
THIAR AR b B 34 AE 2006 4F K AL 3T (Liu et al, 2013).
AR H4 20064 A'E Dy 8 BH I 4 SR R K A e 4T o, X

HERFRKE

A b
a3
= 8 300l i :
Easoo .
# g a Bl
ﬁgZOO- = i
] 1
\Kﬂp‘g — -
e o) —— 5
#H3
0' 1 1 ——
co c1 c2 c3
L C b
07F ——
g:m5-| | NI
;% . a i
i L |
So03f
0.1t 1 1 1 _i_
co c1 c2 c3

2006 4F Hij Ji AN [\ K SR 0N 380 (0 RE A 7 o A A
FEHAT T ERMT, SR EIR(ERINEK), 1L
Tt MR 5 B AR K AR BR 7E 20064 T 5 10 4 43 18] 3%
ARExER EKFHFIHPEEP = 0.35). £KF
KEP = 0.15). EVIEEP = 0.72)F14 /= /(P =
0.22). 7Tk & A R AE 20064 1l 5 HEHL) &
BUEKIER, BT A~ ESWH R R2.7T5
2.42,P=0.02, &1), HMEAEEER. fTKL
2 1] 7 T5 A RE 0 i) ) ) A K R A S U K
LA, T S0 AR IR s R e, tR IR R A,
20064 /i J5 1 F8 b5 26 5 AN 2 35 (3R 1), 1wt TH4E2
AMEKJEIARIRE R, BT HEEERKERKE DN EAD
e bR 8] 1R 22 7 AN 1. 35 (2 2), 20064 2 5 551
ANAE K JE K B AR B 20064 LART K292 710 d.
AT [ ER T 3 P 98 () ) ) A R B R X
AT RE B O TR LA A KRR R A
2006 4F |if i 1 A2 K 2= T 46 1) B ) R0 AR K ZR K B
B2 2 (). 8, 20064F 2 J5 EVIIE(E A4
KR DR R (R L) . X T R 24 R
24 B IORE A(I4F), K389 18 4% 1Y FE A5 7£. 2006
SRS R B R (R2). BN K I
(TS 18] 7E 2006 4F 2 J5 B 2 38 IR (CF 34 - 4 A K i e

B _a
3001
(’f) ~ a a
% - - b
& 200
= L ‘___q
S
A 100 i .
50 1 - L —4—
Co cl c2 C3
D _a  _ab
& 4t b
3 s <
R.E3r ;
Lz i
H B 2F
Q
'é! R
g1r H
£ i i '
0 — 1 1 1 _i—
co c1 c2 C3

E5 BEKERAMSNEKERERE. BYHER/NSFERREFFAEE (P >0.05). CO: Bilth; C1: FEEF#; C2: Kk

EEMEHIF; C3: BEIEE T,
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FT1 20065 IR BREKABREKIERE R S (mean + SD)

Table1 Summary of EVI growth metrics (mean + SD) for sites with one growing season

A Class A KZEIFURITI [A] KK EVIIE(E A7
Start of season (SOS) Season length (SL) Peak EVI (PE) Productivity index (PI)
2000-2006 20072014 P 2000-2006 2007-2014 2000-2006 2007-2014 P 2000-2006 2007-2014 P

[ifi Hh(CO) 152+28 15425 0.35™ 151+30 161+34 0.15™ 0.55+0.08 0.54 +0.10 0.72"° 271+0.72 2.95+0.85 0.22™

FAESTi#(C1) 150 £40 165+48 0.18" 134+40 141+38 0.20" 0.46+0.14 0.49+0.15 0.12"°
157 £83 204 +112 0.20™ 134+66 163+52 0.20 0.40+0.07 0.36 +0.09 0.20™

IS SR8
2l 1H1(C2)
H H3%EE
(€3

242+1.04 2.77+1.24 0.02*
2.21+0.79 1.92+0.79 0.56™

325+42 330+38 0.62"° 133+58 127+42 0.12M 0.25+0.10 0.37 +0.14 <0.001*** 1.32+0.93 1.90+0.92 0.02*

CO, Upland; C1, Isolated; C2, Locally controlled by sluices; C3, Freely connected. *** P < 0.001; * 0.01 < P < 0.05; NS, P > 0.05.
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Table 2 Summary of EVI growth metrics (mean + SD) for sites with two growing season

FA EKFE AEKFIFARRIR

Class Seasons Start of season (SOS)

ERBRE
Season length (SL)

EVI {8 A7
Peak EVI (PE) Productivity index (PI)

2000-2006 2007-2014 P

2000-2006 2007-2014 P

2000-2006 2007-2014 P 2000-2006 2007-2014 P

KXJE HFZ  93+15 95+14  0.16" 8222 92+18
Tzt Spring
T ME

(C2)  Autumn
HHE HF%& 85+16 97+13
JEFIH Spring
C3) m=

Autumn

283+59 289+43 0.125™ 88+17 9019

<0.001***89+31 86*17

314+53 300+26 0.046* 88+18 84+23

0.02* 0.55+0.13 0.53+0.13 0.25" 1.82+0.59 1.88 +0.77 0.33"°
0.17% 0.43+0.17 0.45+0.14 0.23"° 1.43+0.74 1.43+0.70 0.27"°
0.58™5 0.40 +0.15 0.44 + 0.14 0.23"° 1.35+0.68 1.54 +0.72 0.16"°

0.23% 0.39+0.13 0.42 +0.16 0.012* 1.27 +0.61 1.39 + 0.75 0.032*

C2, Locally controlled by sluices; C3, Freely connected. *** P < 0.001; * 0.01 < P < 0.05; NS, P > 0.05,

M M3H26H IR B4 A 7H), BHAMIEIREA BE
Z5 (P >0.05, %2). 2N HAW LAMO A B3 41
A HATATE [ 46, 1% 3 BT K AL T B
If1a], I HAE20064F 2 Ja 4R 114 diihi. REFE
FHKE FRARENERP = 023, %K2), HH
SARE TEVIEE (P = 0.012, 24~ H(P =
0.032, #2).

4 THESEIR

AL F2000-20144EF FHIHBIMODIS  EVIELHE
PRI A R K S i U (R b B /KSRy B4
R 3% ) R RE B 8 O TR P A, S AR
Kfagbr, obr 7 HZRME . HRIERERFE K SRR
T 0 BRI RE P AT B S R A A5 R, T 5 R R
TR AT A, INCOZECIMmERB D
Ki&%, WCoECLRZ T i m i &, 1
C2ILHIEC3/ A T mi AR AR AL & - 4 1B KK I
B, AU i K ST ) S Y i b e o HE B, i A
T —FEFMEELI50R A A REK, Ko
SEMTERKMEKERESHESAEMER R, 1M
559000 B B 1 T K 2 A T R R A AR A

T EEIB R LT IRAEK, EKRFRKER
B, SEORR AR RC. Z5a b0 #
B 95 3 21 b A B R R R A ALY, AT
CO. CIMIC2IE AL X B e M B 4 T2 B AR K
J& A B 5 25 (Phragmites communis) 5§ 3k (Triarr-
hena lutarioriparia); XA & #A BOAE Bl 3 2R 3
(Artemisia selengensis) 5 & ¥ (Carex cinerascens),
IIAAEC2 5 CIF AL [ X 35, /2 8 BH 1L K A 15 1)
FEAY. Frek, AT E s T e A K
5 ERPHIE Ak S BRI B &, B9 RS
I EIE R A, BT AR KA R, AEHFH
TR AP DX P9 7 A SRR B I T 2R
T T AR LA £ Dy i & SR AL B TR ) B )
PSS

7RIS E ) 2 28 V3B K M) G I3 X e oy B
15 kA 2 —, RSP A 4077 K S TR
A, DHEEMKSNE, RS, MR, 25,
ARG RAE, Hrh SR 15 5 R, X LR
AN FOA E /Y. 24k T8I oS
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