W34 H101
20154F 10 H

o PR} o gt R

Progress in Geography

Vol.34, No.10
Oct. 2015

2001-2010 FZF= 1S ZR WM 1% B = 224 12 B 25
E4 " FRK 0 AR EARY
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ZEUA TR ) 5 4K O R 0, TR 45 T 100 m, SOG #i3R 2 d, EOG 4277 1.9 d, LOG 4% 3.9 d. 2001-2010
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T W B SRR B A= W Hs s A, e e i s s AR Ak
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SBRARA T 22 07 ) 10 DX AR ARG R, T DX 38
AR ARG I T K B P R A A 55 KR AR PR
b AT, Q0L M R BOK AR B R B
PEHT o ZR04 2 v [ R AU 7 A R H 3L Y B Ay
4, Hpgdth s AR ERE R, AXE
UV i, DX 49 400 i BsF i) 7 8] ok 28 46 Jmy B A8 Ak 3
PEACE M 58 A 08 , SCH i o8 £ 24
TEFE ) PG 1 ORI, AR T fiff e A~ 2 06 b XA
P23 [B] 3 AT AR S A B[R] 7 90 AR A A . PRt
AR S S Bt R SR 1) FAL B $E i T EVI
B A (DRE B2 5 LR, SR FH e R 722 Ak i 48 1 1)
H LA S5 P RIS FRARY I, R X S8 AR AR )
fige R SE 25 4% SRy 347430 A, TR 1F 2001-2010 4E[H] )
fe s ] AR fb ka3, I R Bk AR i 15 5t F 84k
BIEPN TR B PERL 2 AR AR S s

2 Bdls 5k

2.1 AR

Zele et BLAE P R (A 1), A S 1 A Ay 0°C
A2 800 mm AR /K £ 4k F1 2000 h H R 45 55
HERFHA 2, 2 E rg b W 5 R S
PHF 5 BT 10 R (409545, 2012), ) X%
A 2 A8 K VTR B8 0T 3L 3814 K U, PR /INBIE L, 2R
ERA L, B ATBUK , LA A 5L G H o Bk
P9 TR A B 43 B (IR B A, 2014) 0 BRI Ay
A H IR /NGE L, BEPE R L BEER L AR 1L DA KT R

105°E 108°E

KA A, i FICHOE 0 5f BEAE L, B LSO A
[ A e IS TR 5, b ke A A BB T Y 2 TR X, ity
SRz kA Y i A, AL TG BRI X
FEHE A G Pty v it [ i 55 g i TR SE R 7
4, 2012) XIAEYIHE 12~17°C, =10°CRYAFEFUR N
3700~4900°C , 4 ) % /K & 600~1200 mm, JG 75 1Y
200~250 d (¥4, 2015),
2.2 ERER

K 3K H 3% [# LPACC(Land Processes Distrib-
uted Active Archive Center) 2L i) 2001-2010 - %
I 31 [X. MODO9A1 F1 MCD12Q1 7= f; (http://reverb.
echo.nasa.gov/reverb/), Hif 25 43 HE %53 51 o0 8 d FlI
500 m, /45 MODIS i 4241 16 d & i Af
B E™ W, AR FL A [R] [R] B T 4 4 ST 0 4 S A
FER VA o PR Ay MCD12Q1 7 i vh
IGBP( = s 1 P A= 4 P T X)) 2 BRAB 90 28 R4
PR o BT m R T E R BT RN 4%
15 B B PR Bk 22 B8 5545 W 2 (http:/www.gs-
cloud.cn)$2 L4 90 m 43 HE 4 SRTM 7= i
23 MARFAE
2.3.1 MODIS fifi H % 1fii )2 5% \EVI

MODIS(Moderate- resolution imaging spectro-
radiometer) il i R 171 55 %27 i (MODO09A 1) 24 7
AWEBL(Jin et al, 2013) : 211G BE(620~670 nm) JT4T
AN BE 1(842~876 nm) ., i I BE (459~479 nm) | &% I
BE(545~565 nm) 3T £ /Mt BE 2(841~876 nm) , JH %
ST AMBE B 1(1628~1652 nm) 55 I 2T 4P B 2(2105~
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Fig.1 Geographic location and topography of the study area
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2155 nm), 44F4 46 I MODO09A1 $414,8 d & 1™
a B S 8 d B TR e IS R R . T
MODO9A 1, # 4k =X (1) il B 3 3R I% A4 1 EVIE
(Huete et al, 2002), H T MODO09A1 4 8 d 5 W 1)
B, FLRF Iy HEoh 8 do — RO T, A RS
T MODO9A1 44 1 EVIE i 3 % 1 8 d k4
— RRARE P BT R L AR i B A
T SIT X I A s [0 26 5 | DRI L 4 o Ak R SR ol —
(IR 22 . T TR 8 dIHIE] 20 R AE B H EVI
A B 1] 7y 81 e R R 25 0 R R, AR S5 A
MODO9A1 7= iy H B B[] 421l |2 DOY (Day of Year)
2 345 EVIE HARS] 8 d i B — K, M4 &
EVI A 1] 17571 A A ) 4 2

EVI=2.5x P =P

P 765 poa =755 pt1 D
K po v o Ay SFIRLLGIE B G LLAMIE
BE G BE RUSR
HY VR S AR I i bk o A DX AR bR v AR
) 98.9% (HR #i5 MCD12Q1 H IGBP #i #% 43 2 &1 4t
1), PR 26 BRSSPI i bR EVIAEL () s 7 i
UL S| A DOY J2 X 12 B s By s i, 5] 2
Wn: [F—A8 d I EVUHE, Bt e e el w2 4 )
A, O S R EVIE P 2R A, DR AR 48
CHE AR B HL Y S S fo S PR S AR iR e,
1151 A DOY JZ AT LATH B A etk J5 4 B i 19 4
I OhPEaT. B2 ihs 8 d EVIE” . “JRif 8 d
EVUEDENE " 5 5 R 5 $07 AR EVIE (B ] 43
HEAR A 8 d) R L YE IS R 1 d B[] 43 B
A EVIIZE . “eeit 1 d EVIE” Btk 1 d EVIEZE

0.8

W75y B 5 A DOY 2 5 T B BVIE (5 R] 43 3%
N1 dYFIZ U8 5 FORAE N 1 d B E] 43 B 1)
EVIh£E,
2.3.2 IR A T 2

JS4E MODO9A T 28520 /™ A I TIAR B, >R H 35 K
EHAREMVO)THBRRHEEA KR o RER
SEXT EVIEIE (15200, A 545 1 5808 SR P S
ISR O AR AR T NI ETERR R = KB ] =
T 5 5 W BRERIL S R P M s fl 5 500 1 st )
JF A £k 285 1 R AR AL, FOR S sh iR K, =548
ARG AN b, TC A T 45 Fh 5 B S IURTEE 53
Br(T W44, 2012; 4272355, 2013), PR 2500
EVIB P AR 51T 20 P Ab 3, A SR R )7
YIS T (HANTS) S S EA T8 I AL B

i [ 3 91 T8 T8 4 BT 3 S — P A R AL )
GYHT T R A T P SR B AR R A R A
PEFIEE AS S (10 B R A, REAS LS5 30 Sz ke iy
28 J5) 39 11 7 Ak B3 (Roerink et al, 2000; T15 75 4%,
2006; T HH 7245, 2012), HANTS 5 5000 % &
Sk < AR Ry 2, i 2 DC (B 500, 4% a5 A0k
161~ HHHANTS X} 8 d & L EVI H R AN 1 d BYHT
() ) 0 E5 8, A6 T 0 28 04 ZRAR) i 11 P B2 BRI B4
Bk SR A AR A 2 frs
2.3.3 FRMIESE PO

HA, O A & f R p s Bt 26 & e 7 A
1) 38 SR i B B 3, A4 : 91 7% (Jonsson et al,
2002; XL A, 2012; RAEMNE, 2012; Hogda et al,
2013) . £ #0475 (Duchemin et al, 1999) 5 K221k,
R (Piao et al, 2006; T HH44E, 2012) BRI
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Fig.2 Enhanced vegetation index (EVI) time series of mixed forest (a) and deciduous broadleaf forest (b)
before and after filtering (Year: 2009)
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(2 & 55, 2014) F1 4 55 171 15 7 (Moulin et al,
1997) % , H ¥ JC — Fh Jy 74 9385 3k 2 52 (White et al,
2009), TELEG % ST A AR RS B A SCRA
e AR Ak 85 RN R {ELVE AR 25 6 1) 5 15 (Piao et al,
2006; T BHZZSE, 2012), $2HCE IS BRARD 5 10 . I
BRUNR 158, 75 H BVIGERHE 1 d EVDI104E#Y
SIAE 38 P R ARA 2 AR 0 EVIE ]34
M2 s R AR I AR A K Mt A il 5 #fpk A=
3 1R S0 (] AR &R B 1] 50 EVIAZ Ak 1 266 %6 e K
{8, 1E 0 A= K 25 4R 1 (Start of Growth Season, SOG)
A K Z= AR (End of Growth Season, EOG) & 4= 1)
EVI B{H ; i J5 , # 1 Hants V-3 7] 3815 4:4E H EVI
Ak h 2, FH SOG #I EOG B EVI B {1 , i i F4E
FRMAY SOG MEOG{H ; —H A A ERK FRKE
(Length of Growth Season, LOG).

ZER 550

3.1 PEREA = B 2

FE#E EVI 1Y 22 4F -4 0] DL e 2 224 1 °F
PR RARIE . R, S T WFSE I 10 4EZ2 06 ZR bk fige
WY 23 1Al o A ARG (2)12 B TR BGIEE 10 4F EVI
HY A, T X5 YR i 2k A 77 Ab 38, 1) FH e AR
A, 8 Ak B RS 42 0T 1 ) 4 191 (SOG L EOG #il
LOG) I {E(SOG .EOG).

EVI = (ZEV[J /n )

K2 ie[1,46], n=46 FoRIERAREL; EVI N i W5
B EVIE.

Ly th g B8 5 R 0 R L I SRS T] , i A5
AN T Y A A e g A B BN R W R A, R 0%
PR 10 4P g3 23 18] o3 A 4% Jmy DLIET 3, Herp
5T X 25 BB 53 IGBP 432 HrBR BRbR 2 A0 8 HA,
KT ).

AR 3 2 ¥4, 7R e ) P L SOG MRk 4
R, EOG KT, LOG 2 M 48 4, 1X 5 1 b (A
T HOIE SRR M A . Bl 3a FTLUE
ZR15 94 2% FR AR SOG H BTESS 81~120 K (H ¥,
Rl Day of Year, f&#£ DOY, T [a])Z[H], BRI 3 H T~ AJFI
4 1o WA S At R, W98 X 2R me BB AR K TF i
R R 70~100 R(BP3 H FAI-4 A F
fNBEA IR A, WF5 X R Tk
A, FEAET 100~120 K(EITE4 A v T A) AR
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Fig.3 Spatial distribution of forest average phenology in the
Qinling zone; DOY is the Day of Year
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AR R EE UG, B RS 300 K LS (RIFE 11
HAyye Wb EB LIty Tk A K A A
FL AR 265~300 K (B9 A A2 A5 14
Koo MR AR A b X, AR AR A K g i
K9 Adapg sk K .

B 3¢ T LA H, 90% 1) £ MK LOG 32 B 4E h
TE150~230 K, 25 [l A ks Rk &, 75 rE b Mg
PR X I LOG B4, P b #1 S i 44 55 iy X 35
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ZRIB TR 5 I 5 ¥R OC R %), BETRER T
100 m, SOG #£iR 1.99 d,EOG #£7ii 1.92 d, LOG %545
3.92 d(K14). ME 4amTLIE 4 1500 m DL R IX
I, AR )RR 5 B SOG FR IR EL A, i 2 04 (0 BH
PIVER, B8 A6 R K S 22 SR, BT L
Z 4w AU M R X, SOG 22 T K. MK 4b
A LLE WK 2200 m LR X8k, BETEE THE EOG
T RER S, MK 2200 m DL F X BE EOG # T ¥4,
& 4c iR, 3R 2200 m DL X8k, BV = R T
LOG 4 % 3 B 50 pe , ¥4k 2200 m D) X8 LOG 78
bR et . Al L, 4R b DX ER AR (S IR i AR
AN X AT B AR X R TR ) F X
LK FARKA K,

3.2 YMEHRERRT L

R T WFSEZRIA I 10 4E ZR AR o 1 AR bk 34, i
P Q)BT AE KRG 1 SRR B AR
k.2 (Slope) , 4F- 28 T4 J WLy i A ) A B3 in (>0,
BRI AE e AR A J5 oA 4 Z A8 ) Aol IN<0 , B
G AR AT R IAPE AT E AR K A ) e TR
NP
WYX T)- YT,
nx 21’2 - (iz]
AP : Slope Fn AL ie[1,10], n=10 F/RAFEL,
TR ARMER i AF R a6 1) R BB B

[l 5a.5d o AE K ZR R BIARfb s, T
DL I A-1 d s SR RIES S,
R 81% M R K 1R I A8 L i 2
FE-3~2 dla. HiH, 70% 9 B AR A K 2 05 B i
& T A DX I 3 43 A 7 v P AR AR 4K 1000 m DL |
B R X 3. 29% 1A K FR IR AE 5, 48 5 X
FEANT TR R T 32 NETHpAR Ik X (4
500~1000 m).

& 5b.5e oA KA AR a3, AT
PV i X AR ZER DL 0.2 d e slIE &5
i, BRLE G SR, 91.8% M bl K Z oK
BRI B -2~3 d/a., Horf BRI ZREE T
[i) EE J5 RN Aif 09 DX 353 301 o5 A6 SR OT I 52.2% F0
39.4% , JIEJ5 X3 E B A AR R AR X . AR
K ZLE AR R FT A X3, FEAMTE D Z AT
PARIEIR X (HF4K 500~1000 m) FIHEHL 2000 m LA |

Slope = 3)

170 { a.SOG
150 1=0.0199x+74.427 R*=0.7449
130 -
T 110
g
A 90
70 -
50 -
30 : . . : : . .
0 500 1000 1500 2000 2500 3000 3500 4000
WHEHR/m
340] b-EOG
y=-0.0192x+318.13  R>=0.5799
3201
= 300 4
%)
o)
m
280
260
240 . . r . . v .
0 500 1000 1500 2000 2500 3000 3500 4000
4R /m
300+
c. LOG
2804, ¢
LTt s y=-0.0392x+243.77  R*=0.7264
2604 .4, i3
2404
2204
]
O B
9200
= 180
160
1404
120+
100 . . . . . : .
0 500 1000 1500 2000 2500 3000 3500 4000
4R /m
El4 2001-2010 FFZ3 04 ZRAMM IR I ORIH R A KK
YA SR Z AR A

Fig.4 Changes in the mean of forest's start of growth season
(SOGQG) (a), end of growth season (EOG) (b), and length of
growth season (LOG) (c) along the altitude gradient in the

Qinling zone, 2001-2010
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Fig.5 Spatial distribution of interannual change trend of forest phenology in the Qinling zone, 2001-2010
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309 d(BLBRIBAE, 2012). BRAGE SF(2008) 48 11 1 74

Gy ARG H o — AR S 67 d, V& BT H
R A 257 do BEBLIB(2012) S8 T 1% 7E 4 ik
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R—AE S 96.5 d, AR AR A S —AF R Y
308.8 do IR AFE(2013)HR 45 P4 A 4 el il TR
FLIX 452N el 4 1986-2010 4F [a] (1) 47 fiz WL 2% 51 5¢
11, 37.7%89HE 4 3 A G-, 61.6%AHEY) 4 H
1y F 45 it 67.6% W AE ) 9 H 1 15 28 vk it
32.4% M AR AT 10 H o X 5ARSCE H &R
94. 2% A4 SOG Hi BLFE S 81~120 d Z [H] , 98% 14
KA EOG HY BLAESS 270~311 d 22 [a] (9 45 3 — %k,
VLA SC A I MODIS EVI B 5508 4 B Z2 04 25 bk
Y R AT — 2 B PTEE , 5 b TUI e HL A —
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TSR DA 72 X0 WK DX 3 e B 4 B AR AL
SC R FH B AR A TR R 1) S L A R
P Ak S B0 P B 1], S5 1R SR A K il iR
SR AR PR B8], 5 b T 420 i ORI 48 A (28 L e
AR S AWM AL o 55 A1, e S N %) 4 4 0 S 1%
TCRUE R AR Y, B MEOT IR S AR Z Rl o i
b TR K5 s LR A R B S B, S
GICRUE 111 1% B A A E R, A7 76 28 T RUBE 1Y)
PR IR, (4536 UE AR B2 A2 2B PRI, &
— T B 2 ) RUBE e Ty v, LA o XL 0 45040
i B i 1], AR R EE AR 1]

2 SRRV I 0 40 9 A R AR 2 PR U R 5 B
FEARBUE S R Z BRI M KRR s AR
Jie S R R R R ), - L S 52 1 PR 2 ELA AR K st
S ARARREAF o BT LA 3 R A 000 0 1 1 v A P e A
0 T RSO 1 T i e P EE R S B R )
A ST 42458, 2012),

L 00 00 00 190 785 A Yo A A A8 Al B i 7, ] i
252011 % Z2 104 B AU AT 60 45 ) TR RN HR G 5 TR T
GEFI 1993 475 IS R M IR 3 . (400t
ZE(2012)%F 3T S0 4K 4 1 H 4y 0°CEF R4 AR fL
M, 1993 AR 2 AR o TR 28 A8 A5, AR JR
28 HT 1 H 0CAF 4 BT T 113.82 mo AiRTH
e T S0 T AR SC 518 - 808 v e g4 b DX A
AR TR SRR IR G BRI IR X AR K 245
T R 5 ARV A X R MG T IR A A AR I AR A
Ko DRI R 2R 06 Ml DX 055 A PP R T I 4K 984~
1375 m A% L 22 3 FARK L1907 25 B2 B 45 (2R Ihe 8 45,
2006) T HIAESE(2012)0F 5% 5 9k =i JR 40 1 A8 Ak st
R I ARIEER X A AR B B, 1T B 5 N80
A K. R X 0 A B AR A TG4 X
(T IHZEAE, 2012), 204 = R 4R X W A8 fh b A4
B A 2 40 SOG #£ /T, EOG A2 4R Ak 34, i
BUX AP HE R T T — 2. RN
T 5P AR B UG, Il TR T
(AR (B3R L RS 5055 o AE A ) i SO 1 5 i
BT TRNES,

5 %5

Ze e RRAR ) A6 22 AF S (9 I 25 496 SRy 5 2% DX O
AR IGEPFC R D). AR ) VYL, AT 1)

TR X, A K IR I W iR |, A K AR I B i i
A AR KB E R, B ZE A
W, — B AESS 81~120 d(BP 3 H T AI-4 A K) iR,
TE45 270~311 d(10 H#I-11 A FADSEk, HA K 2=
KB4 HRAE 150~230 d; 25 18 ZRARY) 3] 5 TR 45 0%
), R T 100 m, 2B K ZERIHER 1.99 d,
AR BRI 1.92 d, A KB K ESE3.92d,

I 10 42208 70% i AR AR K 2= 1A 1) S B i
P, F BT ST IX H PG ERFT 1000 m DAL A H
TR X 29% M FRAMAE K AR AL 5, 24
FARFAG) 32 NI TP o3 IR X (K 500~
1000 m). AE K AR KA 52.2% 0 X5 IE )5
P, F BT P R X R R X (2000 m L L)
5 52 N T AR R X (4K 500~1000 m)AE
FARMERT, A RBRERREERKGEHE TR X
FEAATAE T = AR X 5 BRI (2000 m P F)
5 5% NIET AR X (M 500~1000 m) A+ 2
KEEGRME o ik X AR PR AR AL T R & 2,
JRRIEA R FIR ARG .
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Spatiotemporal variations of forest phenology in the Qinling zone
based on remote sensing monitoring, 2001-2010

XIA Haoming'?, LI Ainong", ZHAO Wei', BIAN Jinhu"’, LEI Guangbin'’
(1. Institute of Mountain Hazards and Environment, CAS, Chengdu 610041, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Plant phenology is one of the most salient and sensitive indicators of terrestrial ecosystem's response
to climate change. Understanding its spatiotemporal change is significantly important for understanding both
land surface processes and carbon cycle and predicting changes in the terrestrial ecosystem. MODIS MODO09A1,
with the spatial resolution of 500 m x 500 m and at an 8-day temporal interval, was used in this study to
investigate the change in forest phenology in the Qinling zone of central China in 2001-2010. First, we used the
day of year (DOY) of MODO09A1 to improve the temporal precision of EVI; we then combined the maximum
ratio and the threshold method for phenology data extraction [start of growth season (SOG), end of growth
season (EOG), and length of growth season (LOG)] in the Qinling zone. Results of this study show that:
Accompanying the deterioration in heat and water conditions from low altitude to high altitude and southeast to
northwest, SOG delayed, EOG advanced, and LOG shortened gradually. SOG and EOG mainly occurred on the
81th—120th and 270th—311th days respectively. LOG was mainly between 150 and 230 days. The phenology of
forest in Qinling zone is closely related to altitude, with every 100 m rising in altitude, SOG, EOG, and LOG
gradualy delayed 2 days, advanced 1.9 days, and shortened 3.9 days, respectively. From 2001 to 2010, early
SOG, late EOG, and extended LOG mainly occurred in medium altitude. SOG, EOG, and LOG gradually
delayed, advanced, and shortened respectively in some areas that are lowered than 1,000 m above sea level.
Interannual changes at high altitude were more complicated than that at low altitude, and SOG advanced, EOG
advanced, and LOG shortened above 2000 m. The reasons for these changes remain unclear. The findings
quantified the differences of forest phenology with the change in elevation and revealed the spatiotemporal
variations in forest phenology from 2001 to 2010. This article provides a reference for the evaluation and
protection of ecological environment in the Qinling zone. In future study, reasons for the above mentioned
differences in forest phenology need to be explored.

Key words: EVI; HANTS; phenology; spatiotemporal variation; Qinling zone



