55 36 B4 23 1] S &~ £ Eild Vol.36,No.23
2016 4 12 H ACTA ECOLOGICA SINICA Dec.,2016

DOI: 10.5846/stxb201510092039

SUSCHE, X AR B AR, NG, TP AR I LS RIS T 1 2 A SO X A i iz AR 25 241, 2016,36(23) :7826- 7840.
Jia W X, Zhao Z, Zu J X, Chen J H, Wang J, Ding D.Phenological variation in different vegetation types and their response to climate change in the Qilian
Mountains, China, 1982—2014.Acta Ecologica Sinica,2016,36(23) ;:7826-7840.

B 2 Ll A [2) 48 #K 28 BY /Y W0 1% 2= 40 K B 3 S0 B9 i

SIS P 1 2 =4l o1 1
WML AR B MR MWALE OF,T A
1 PGILIME RS P 5 BB R 2= e, 22 M 730070

2 I ERFEEBE L BN AR ST AR S A AR R K E A S TR 110016

I LT 1982—2006 4F GIMMS NDVI F1 2000—2014 4E MODIS NDVI 72 J&%3 , # H double logistic 14 77 420 T 1982—
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Phenological variation in different vegetation types and their response to climate

change in the Qilian Mountains, China, 1982—2014
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Abstract: Vegetation phenology is used in the study of climate change because of stable distribution, and ease of
observation and interpretation. In this study, a 15-day time series of averaged normalized difference vegetation indices
(NDVI) derived from the daily Global Inventory Modeling and Mapping Studies ( GIMMS) NDVI dataset and 16-day
averaged NDVI values derived from the daily Moderate Resolution Imaging Spectroradiometer (MODIS) NDVI dataset were
used to analyze trends in vegetation phenology. Firstly, using the ENVI tool to cut remote sensing data, NDVI time series
data for the study area from 1982 to 2014 were obtained. Secondly, using a Savitzky-Golay filter, noise contamination
caused by random factors was reduced by producing a smooth NDVI curve. Thirdly, using double logistic fitting, three
important phenological parameters, including the start of growing season (SOS), the end of growing season ( EOS), and
the length of growing season (LOS) were extracted for different vegetation types. Temporal change trends, as well as its
spatial distribution characteristics, of the nine major vegetation types in the Qilian Mountains were analyzed. These types

included meadow, steppe, desert vegetation, shrub vegetation, alpine vegetation, coniferous forest, broad-leaved forest,
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cultivated vegetation, and swamp vegetation. In addition, the effects of climatic factors on phenology were analyzed by
correlation analysis. The results showed that: (1) The annual variation of SOS and EOS of different vegetation types in the
Qilian Mountains fluctuated in its advance or or delay; the maximum variation was observed in the swamp vegetation. The
LOS of meadow, shrub, coniferous forest, and cultivated vegetation was longer, but the LOS of desert vegetation shortened.
(2) The SOS of vegetation was primarily in May; the growing season of the broad-leaved forests began the earliest and
desert vegetation began the latest. The EOS of vegetation occurred primarily in September; the growing season of cultivated
vegetation ended earlier, whereas the growing season of the desert and swamp vegetation ended later. The LOS of vegetation
was from 110 days to 140 days, among which the LOS of broad-leaved and coniferous forests was longer, whereas the LOS of
desert and alpine vegetation was shorter. (3) The spatial distribution of variation trends for vegetation phenology indicated
that SOS and LOS were advanced or delayed but not substantially, and the LOS was primarily shortened or prolonged, but
not substantially. (4) The correlation of phenological metrics and climatic factors indicated that the accumulation of early
stage temperature was beneficial to the growth of vegetation, but the amount of precipitation in March was also important to
the SOS of vegetation. The EOS of different vegetation types was related with temperature in August and September, and
correlated with precipitation in October and November, but the correlation was not significant. At different altitudes, the
phenological parameters were different. In particular, the LOS appeared to shorten with increasing elevation, which is
consistent with the spatial distribution of phenological parameters. These results explain the relationship between climate
change and phenological phases. Climate change has an obvious effect on vegetation phenological parameters, and the

phenological period can explicitly indicate the climate change.
Key Words: phenological parameters; vegetation types; spatial-temporal variations; climate change; Qilian Mountains

Wi Rt aT B SR A LUAE Ry i) W AR o B0 45 b AR 0 B 5 5 A B TR 1 9 ) M M AR A A BOC R R
SRR R A S R G AR R R A A 52 A A RN LA PR TR A5 R T BB LLAT Sk JE T
FISRBIG D Mk (A8 A K I IRt ] 45 At ) A K Z KB ) AN RETS /R b A4 35 AR 1k, [RI J
W AR AR A A X A A AR A B R R 2 A BR AR AR R < B AR WA S AR LR A e Fe R A
IPCC 55 LR AL iR 548 11, 1880—2012 4E 3k b V- MR FE 2y 0.85°C , R BRAS W U} B KE . Pl 423K
SAARAL, R Al R A S AR, T Tucker 251 & BURAZ R A9 FHT, 35°N LU b IX R o Ak K
A 5 B JE R s Sparks L6 L S [ b IX PR AR TR 2.5°C S BUT B R RT T 5—25 d; s =%
AL b 5 2T 43R T T R IR, YT AR RS S AR IR R R s A R Y
AT R AR e R i BR Y« 3R AR Ak 5 i M 4= 25 R %55 ( Global Change and Terrestrial Ecosystems, GCTE)”
0 S SR A T 5 ke e

FELE W PIBERIT 5T T3 ik LA BT AU A St | 75 AE 2 B Ay Wy, i ELBIE 5% 916 B i R0 ) 1A Je L 37 e ]
PR, FETHEAL 8 BB AR A HES T {750 B W I AN ] DX 385 ) A ) 3 I R4 7 s T) RS PR B T 5 B ok mT
fit, Karlsen % JLF GIMMS NDVI #8075 H AU IR X AR 4 L8 K 23 i -5 3R 8 A7 56 ; Delbart 2510 F1
NOAA AVHRR Al SPOT NDVI #4544 T VG471 A W 3 X (A w0 4 | #5930 A K 2 0R 01 7E 1982—1991 4E 4R 1
T 7.8 d,1Mi7E 2000—2004 AFEIFEIR T 7 d, S BRI SRS 5 10 BE 09 0k sh Pk AR 5 — 80 X 2 S 3L T
GIMMS AVHRR NDVI 545 , % MW A fifi A A 00 e A8 Ak B 32 A 7 W D0 0B, 45 10 REB A A e R A ) A K 2 iR
PP ] 52 B AR 3, L rp AR AR BI0R B A K AR 21 1] NOAA/AVHRR NDVI #F5¢ T 30 [ 75 %6 B AL R A
IR (R ) | 41 HE TR A IV R PR 0 IS5 e 0 R 7 300 S R T, AT TR B RS A R IR B
IR SR Y A K Z K B B R A F 222 F A NOAA/AVHRR NDVI Bl i 5% 1 3% [
eI K F ARk A5 0 S 404 B R e A K ZE B I T, A K Z AR IR 5 2 45 I SPOT NDVI
HEAS A L DO b 2B K 5 T i Bt ) R | B M 2 R R B R B AR 4 A R
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GIMMS NDVI £ 4575 2 Al DX VR B bR | AR R DA | fe) A e A A SR S A FE VA RE 5
RS A K SR, sk ka7 45 & BRI T 1982—2000 4E GIMMS #1 2001—2011 4 SPOT—VGT &
AR TR IR 1982—201 1 AFAB 4 W5 S FF 4 i [ 1 B4R TS 4%, A3 K 1.04 d/a, 8 555 A b X 48 FiT st
AR 1A H 254, 26 W 0 SR 2R 25 R G xRS Al A 25 ) S A TE I I el PR ) D 3o SRR 5
P AR A = AR R T AR I X i T P b X SR A e 10T (R 5T AR 2

A L DX 2 O b i X B A A 2 X, A 2 2 R P e OB o 8 1 L AR B NDVIT AR b Al bl 7 26 A8 1k K
HSSEAR I R T HE T IR ABFFE ) (0T T 38 B W I 43 M7 122 DX Al ol 400 1 01 RO R 9 M 2> AR 5
5T GIMMS NDVI #l MODIS NDVI B4 , 1] ] Savitzky—Golay UE 3 5+ NDVI B[] 5 51 %548 , 3 1 double
logistic A 7 HEEUT A FIHLEE A 530 (AR K 010 B S5 3R H TR AR K KB ) | FE B SE Rl B2 AT T4
11 1982—2014 AF- A [ (1440 1 J ik [ A5 Ak 34k 233 ) 43 SR AIE B A5 A0 M PR 30 B L [ /K A AR S, LAY
STHNRAE A AR A ) S 9T X 33 AR AN [RIAT B 9 4 i 01 A8 AR 0, 1 T A A 7 rh MR 41 A () A 9 1
X AR A o [ ELAA ZE HEAS MRl A P AR TS AN R Al A PR A S AR A B AR S I I B LR
AR IE HAT R T k2L B R R RE X I8 A5 AN TRV e A5 28 A ) S

1 HREXER

B 111 (93°30'—103°00'E,35°43'—39°36'N) {vf T 75 il i i O AR LK, s 5 0 HON Wi 4, i 2 4% dt-
IR B E 1) AT LU BRI 58 A 2E 8, 2 P b b DX 2 44 1 v R LU 3R = — | M ST 8 S A L ) o3 A ]
Ji7R o AR LR e S5 P S8 SR B i SR o A F AR AR B R KIS 25 5 K ARV B e
IKZ VT B /D | HA BRI PP SRR, S 2 B R 2R B 3 B AR AR AE , L fIG -
LT - H L -3 v L A b X AR 7K 24 2 150 ,250—300 ,400—500,800 mm ; 4E 43R 294 6 .2—5 .0—
1.-5C, B FRRA—BHIE MR 22K IR, A8 1L AR 5 8 Fof) R s AN &
LLAR B AR, 20 00 o A LU B TR AR Y 30.14% . 25.94% 14.61% .9.29% . 7.90% , HA At ¥ 75 B2 43 Aii . WFFT 4R
i LR B s AR AR B, BB R DX IR B A T e 2 SR it — 22 A 38 A 9T

2 HUREIE
2.1 BEEIE

AHIFFE 2R FH ) 18 B8 & GIMMS AVHRR NDVI 1 MODIS NDVI #4454 . GIMMS AVHRR NDVI $#s
A2 IS B K 5 KA PR (The National Oceanic and Atmospheric Administration , faj#8 NOAA ) # H Y
EERAEYEFEECR A , AT LATE PGB 5 A AR 2= 5 s o0 (hitp . // westde. westgis.ac.en ) f 9% T 2%, Bif
B8] 75 IR 1982—2006 4, MODIS NDVI % 4f 5 % H NASA #2451 MODIS13A2 ZAH # 48 B0 &, vl 78 W v
(https://wist. echo. nasa. gov/api/) EL#% & &, I [8] 35 Fl iy 2000—2014 4, J; ] MRT ( MODIS Reprojection
Tools ) #X A%} MODIS NDVI ¥4 47 8o X B e e MEE 9F 55

FIH ENVI 4.7 T H AR 1L DX 3 5% 8 250806 X5 T 2810 3 JE i s 43 S gk A 7 248 59, 45 B 58 IX 1Y 1982—
2014 4= NDVI iHE] P50 800G . NDVI B ZE] -1, 1] Z08], X [a] AAMGBUEAC LT 1, ik ik #Rb s,

P TSR 0 R SO, AR S 2000—2006 4F S 1 Ta BOHE , X BOIE HEAT — BOMEAS IR (32 1), AT,
2000—2006 4F GIMMS NDVI Z#/& #1 MODIS NDVI %48 AH G R A TE 0.9 LA b BEH PIRR i 8] 90 B s HA 35
G — 2k, mT AR F A s i i 5 v
2.2 HAbERE

SAREIE S 1982—2014 4EAI 74 L K H:J 20 4l X 2k 33 AN et A (1) 19 H SR R K s | 9t
BRI T E S SR BRI S W (http - //ede.cma.gov.cn) o AR B E] hy F€ IXBL KRR 5008 vhoo B fit
A4 1:1000000 F 2[4,
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Fig.1 The distribution of vegetation and meteorological station of Qilian Mountains
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Table 1 Correlation analysis of GIMMS NDVI and NDVI MODIS data in 2000—2006
Ay Year 2000 4% 2001 4F 2002 4F 2003 4F 2004 4F 2005 4 2006 4
HH3 ZEL Correlation coefficient 0.979** 0.965** 0.980** 0.981** 0.947 ** 0.971** 0.970 **

* x FRiE I 0.01 1Y EAF BEAG I

3 HRAE

3.1 Savitzky-Golay JIEJ 7%

T iR 2 RAEFXE NDVI A a] 750 4 5 0, o250 S50 04 78 7 U RTuE T
TEATRZ AN Savitzky-Golay JEHIE IFEFFF 7ML (HANTS ) (3 8~ 2493k R R ARIE BE (MIF) (/s
TeTEARE O Hid S-G U 1 X R RS 2R NDVT RBE AR RS B R, LA B A% TR B T A
B2 AR SCR L S-G UE IR HETT NDVI 50008 (1 I8 7

S-G UEPIE AL Savitzky F Golay £ H Y — Rl fie /N — 36 5 AU G- 1 IR 5 125, ) vz 1T 8088 1)~ 1 B
W, S-G UEPIENLHILE NDVI 2 gk P, AT 2R 8 -
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z C£Yj+i
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ZEAMRD 1 T 45 25 00 fe KA AL nSOS R BEE AR K ZR G v, 2678 NDVI A7 M B F B B 453 A 04 de K2
B3R ;nEOS MERIE E KA

SR FH 2 BRSO I I 1A NDVIT B[R] 7 81 0 B AMGOTiE A T4 A, SR 6T BREBCR — B 3, 8 U NDVI i &
B AR K SR AE K ZR G 1 (SOS) 5 sRELTE T Y3 #2 i NDVI{E 5 24F NDVI £z KAEH 80% , E 0.8
(NDVI,, +NDVI ) % SCH AR BRI (EOS) s A KBRS G 28 W E K FRKIE (LOS) . i iz
BLRRHU T, 153 GIMMS 1 MODIS $545 48 F By 41 3% LS [RIAR 8% (4 152 R (SOS \EOS \LOS)
33 LB s

R T WRFEAR T L DX B A 1 4 i B 2R AR Ak R H, SR — Je 2k LI 3 B 9 X L AT AL T
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n x i(ixn) - Y " T,
h=— """ R (3)
n X Z = ( 21 i)2

X n FORBEFFIN L ;0 FoRAEFS S s TS I 5 i AR AR KRB IR I R KRB,
Ogope 17 IR AL AR 04, >0, WL A (U B RSB IR BUAE K, 2 2 6, <O, U0 B Wy 1 00 22 A
HORARRT AR, AN ARG T RIS TSR A R AT 702 R ARSI AL W AR
3.4 MKk

3 o i B3R 2 ) AR S A3 HT T LA 7 AR T 22 ) B4 157 O 2%, R SPSS B4 BRI OC R 48, JF L
WA R 50 -5 il K L 5C 28 R SR R BOR T, R W s Ui Bl IR 22 fl S 4R 35 MG R 8K
INT R FRIRYGIBE P A S AT s A O SR B 2 (R, U8 I AL M D 72 A 5 DR R A AR G
ARG 5 200 X (LR, D50 FT 90 27 R OGP AT

4 HBRHH

4.1 IR B S I B W ok 0Tt ) ARk

14 1982—2014 AFABE L XA AR B BHAE P 0 (A K im0 AR R R A KRR ) i T — 4k
PEENE ST, 153 33a Py ik s (8 2, K1 3,%2)

1982—2006 4F- A A 4 | TR AR B 10 2E K Z i 2 4R fa 3 AR AR (B 43 312 0.023 d/a,0.285
d/a; BEAAE B AR K R M S IR A AR 0.03 d/a, MHILTT &, 28 K AR WA HER 3 1 AR K 2R i
IR TIOA S, DRI A R 2 B o R R AR K 2ok B A R T 2 S R A (H AN &, T 2550 51,1451
AR K AR AT FPR N 0.285 d/a, 250 150.79; 48 K Z K B8 L 40 40 34, 7 220 393.14;
RUNEPFEM R AE KB A KR AR EREWERRIE SR, 1982—2006 4F i JF AL B 5t 5
TR | LA A A R R 0 ) RIS 24T (3R — A K R R R 250 0.031,0.045 ,0.252
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Fig.3 Annual change trends of the length of growth season of different type vegetations in Qilian Mountains
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Table 2 The linear equation of phenological period of different type vegetations

TR
Vegetation

types

1982—2006 4F GIMMS %34k
GIMMS NDVI of 1982—2006

2000—2014 4 MODIS $ii4E
MODIS NDVI of 2000—2014

ERFIR
Start of growing

season

HERFARM
End of growing

season

ERFRE
Length of growing

season

HERFR
Start of growing

season

ERFARM
End of growing

season

ERFRE
Length of growing

season

bk
[Eligs
A
TR

y=0.023x+141.74
y=-0.0312c+138.13
y=-0.0446x+147.36
y=-0.0537:+133.87
y=—0.2524x+148.48
y=-0.0015x+130.01
y=-0.3063x+127.07
y=-0.0133+131.31
y=0.850+133.59

=0.0295x+250.44
y=-0.1065x+251.22
y=-0.32861+256.67
y=0.1371x+248.73
y==0.2723x+254.47
y=0.14852+246.83
y=0.3845:+243.32
7=0.0880x+246.22
y=-0.2846x+260.98

y=0.00652+108.7
y==0.0753x+113.09
y=-0.2843+109.31
y=0.1908x+114.86
=-0.0199x+105.99
y=0.15x+116.82
y=0.6908x+116.25
y=0.1019x+114.91
y=-1.12925+127.36

y=-0.5168x+148.57
y=-0.155x+142.35

y=-0.0756x+147.78
y=-0.4021x+140.87
y=-0.6941x+142.85
y=-0.0856x+136.96
y=-0.2889x+133.17
y=-0.3426x+144.11
y=-0.148x+149.04

y=-0.1194x+267.91
¥=-0.1394x+270.81
¥=-0.6837x+274.99
¥=-0.1442x+270.94
¥=-0.0038x+264.05
¥=-0.2533x+271.91
y=-0.1191x+272.91
y=0.1707x+263.54

=0.0061x+278.42

y=0.3974x+119.34
y=0.0156x+128.46
y=-0.6081x+127.2
y=0.25792+130.07
$=0.6903x+121.2
y==0.1677x+134.95
y=0.1698x+139.74
y=0.51332+119.43
y=0.15413+129.38

B fn) Meadow , R Steppe, FE i Desert vegelation M Shrub vegetation B A B Alpine vegetation EHIEAR Coniferous forest, [#HHK Broad-leaved forest, #%55

Fi#% Cultivated vegetation, FAEE Swamp vegetation
! p veg

2000—2014 A& FEf) A B SR A E MR | LR | R AR A R A B R AR T AR K R
LHIA A RER SR 0.517 ,0.155 ,0.402 ,0.694 .0.289 d/a; A= K Z= AR MG RFHR4354 0.119,0.139 ,0.144 ,0.004 .
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0.119 d/a; K Fe K B 2237 A K ZR bR U H ik 34 A 52 i 77 22 A <t 34, Hovh R R 250 53.38 , AR PRl
B/, 2000—2014 AEFEEAR YL B ARAE B P A ZR IR I AT ISR R S H AR K K AN 4
AR IR IR 535124 0.076 ,0.086 d/a, A ZEAR IR 53014 0.6837 ,0.253 d/a, H R S A g A= < 2
KEEARBRIE SR, Jr 250 126,77, FIEHE B EAEE A K BRI R 3R AT R0 0.343.0.148 d/
a; A K BRI R AHEIR a3 AR RHR 0.171.,0.006 d/a; {H R 0 A K 2K B 2 T K a3

SACRF AR L XA B A K K 2 AR K B TR LRI R A (9138 ) SliA: & Ze 4 Rt B) 43R (4201 50
SO RIS TR sl i i R MB35 2 WT DU Y B fal R T A | ) B e AR 5 A A 1982—
2014 AR ZE A B BV b RE G T T A A A R ZR A B AN A e, ELAT R AR PR U B AR AR K 1982—
2006 AF- R I AR BY | e L AR B | TR PR AR R ZR A B A, L TR A T A BRI AR O AR K R B A
2000—2014 4EA1H BUAE K 35, FRIATE T T JLAR P X SE R i A K 2R K EEAE K 5 1982—2006 4141 i Mop 1 A= <
F K AR A H T 2000—2014 4FAE KK S 45 da i, HAEBRIE 3hde /N,
4.2 AN[RIAHBE ST B P e 1 2 ) ARk
4.2.1  AS[ERE V-5 0 2 8] 53 A

Il 4a 15951 1982—2006 4F-A[S 3% 1Ly [ i MRE 9 A 4 ZR 0 R dac i, R BEAR P T4 120 R DAHT, ok 2 £t
AW AR B A, 2E KB UG ) 2 B TP R4S 120—140 K, M AR Bl 055 J R 9l 2F 4 ZR 0 0 2 B4R h 1 4
120—150 K, B A B AL K Z IR0 5 AR R eSS 130—150 K, B PRI # 2L K 2 4R = 54 rh e 5 140—150
K, A B A K BRI R B PR 130—160 K, e A 9 A 4 BT LR s R) 5e e, £ AR 4R 140 RLAJA .
&l 4b HhAR i L 1982—2006 4F-4T RO B | ) i MRS A AR 35 A 1 A K R 4 R ) R R AR RS 240—250
KW, BRI R AR, R | m LA A A AR B A S 240—260 K, TEFEE R A K ER
W E LA PTES 250—260 K, M BEAEP A < =25 SR I () A I, 2 BB 7R 5 240—270 K, HBAERKEK
FERF AR ZR A G AR, B 1982—2006 4F- 453 L #45AE 9 AR K =00 1 RIS 2 & 4c, WETHF A%
W FE A B e LA B2k K B K R, SR AE 80—120 d, VR B 2 K K B A0 A He #8701, AE 80—140 d
Z 8], A AR R AR B AR AR A A Z A R AR T E 100—120 d, FEAME B B ROR B A 1 A
FEAEPAE 100—140 d, 177 [& MO B A 1 ZR KR AR TR AR 120—140 d,

Bl Sa SZABIZE L1 2000—2014 AR B V-3 25 K 220G 30 40 A 1 00, 45 10 1 b ARORE 0k 2 K 22T 4R o) ] 4
o H FEAEPTEL 130—140 K, HYUGEEH T ARIE# B 5 R E AR, 2B 1K ZR i 4 = AR P 5 130—
150 K, B Al g A K ZR IR A T 7ESS 130—160 X, B gl A BAE A A K R G AR T AESE 140—160 X 55t
TR AR 5 LA A K ZR A IS B AR, AR SR 130 KLAJS, & 5b H 2000—2014 4F#% 55 M0k 2 LA Bk
BB e B A K ORI B RS 255—275 K, B SR WA 1 Bk 32 B4R TP 7R SR 255—285 K,
S ARAR Y THE DA % 2 1 28 R T B A th 7R 45 265—275 K, [ I ARAR 1% A K ZEOR A R AR T 7RSS 265—
285 KRG K BEE i £ T4 275—285 K, & Sc FmARiE L 2000—2014 4EHE#E 19 4 K B K
AT DI SR VAR Y | e LLAE A Rl R | B TR R A A R A B AR A 110—130 d, TEFEAE
B EKEGE ST AR AR K F KO AR R TE 120—140 d, B ARRE B AR K B KB R AR R TE 130—
160 d.

i 2000—2014 4F 438 BEE 20 P15 IR AR B 4 BE A R D 80 | AT 482 GIMMS NDVI 415 21 1)
R A K TF AR (R S50 F IS, (Rl B A5 381 1) R TR AL A K T 0 S Ja R K ZREs e 5 1
IR —3
4.2.2 FEHWIRIHZ A8 0 A3 (8] S AT

M 4d 5 5d 15, 1982—2006 4F ,2000—2014 4 S AFRZE LLAR B A 1 22 06 WP R A W 558 Rk iR A B G
1 X IR B R, 43 3 95.87% 77.22% , ANIRIE B AR K ZR WG AR AEBR AR T AT BEASTR) (AR K Z50R BN 45
B4R TS B X7 5 A THER RN B 5 1982—2006 4F #5fa) fi 4 | 2 S AR L e LR B BE AL B T
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Fig.4 The spatial variation trend and its significance of vegetation average phenology in Qilian Mountains from 1982 to 2006

[ 4a 4b e 535000 TR T A ] R AR IR BE s I 4d de (41 235010 P K il e 30T R A K K B A A S 2

AR AR BFAR R A PEAR S B Bl A K R IR T B HTAS BH 5 A0 L) 43 59 R 49.59% (47.44% .60.82% .56.89% |
64.29% .56.76% .52.27% .50.8% , #EIR AN 52 F 19153531 4 49.36% 45.12% 31.96% 42.76% 35.71% 43.24% .
47.73% .36.9% , 2000—2014 AF-FARFEHE 50 FRIHE | = (LR BE  E DRI . bR Rk B R B IR IR 401 45 A
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Fig.5 The spatial variation trend and its significance of vegetation average phenology in Qilian Mountains from 2000 to 2014

[ 5a.5b S 23 A W A T RIW AR R KE [ 5\ Se 5T 2050 P9 B R 30T R A R ZR AR fH ) 25 1k

ASHY S HE AT 43 5 K 55.82% . 45.79% .38.01% . 67.56% .77.32% . 51% . 60. 17% , #E IR A B & Fb 45 43 51 Ky
25.57% 33.58% 27.76% .22.93% 20.57% 36.11% 29.31% , 31 A 0% 4f 30145 i A B 2 Lo 49/ THE R AR B i
FeAs], 43590k 28.20% (28.89%
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MK 4e & 5e 15 Hi,1982—2006 4, 2000—2014 4F S A8 3% 118 4 A 4 2R AR BA 4R A B Sad AR AN B i
XA AT (5 IR K, 43301 M 95.68% 90.87% , 1982—2006 4F Wi fa) A1 4 | i JF AR B JHE DA 9k | Il bR ok 05 A
B EE AR R A SR I IR AN B . b A3 DR T4 AN B A8 IR AN B R A L4519 301 Ol 63.51% (47.44%
65.02% .78.57% .56.76% .70.45% , $& 1 A~ B 3 19 Lb A5 43 591 R 35.32% ,46.20% ,34.28% .21.43% . 43.24% ,
27.27% ; i A e TR A A IR BT A I 2 19 X3 52.06% .59.89% , W B HE AT 5 5.15% .5.35% , i & $E Al
i 2.58% .2.67% HEIR B 5 39.18% (31.02% , 2000—2014 4F R4 R 4 | R ISR 4 | e 1L R 4 HE DA
I AR IR S A B A K 2 R A 3R B A B TN B L K T R R B R SRR B Y B A A il
64% .53.86% .51.02% .57.03% .51.20% .65.38% .49.61% , #EiR ASBH . He 4l 53531 4 32.99% 37.77% ,36.98% .
41.34% 48.23% 32.62% 22.28% ; M A5 AE AL FTA I 5 1Y 7 44.49% HER I 5 49%

ML 4f 5F 751, 1982—2006 45, 2000—2014 4F S A 728 11148 4 A 4 24K B A7 P A28 A 4 i AN BH I f A <
ANH R IR T (&5 He A K, 4390 h 95.15% . 70.26% . 1982—2006 4F Fi4a) A 4% | B SR 9 | 5 LA 4 L HE A
G AL N @ e L 7 N o e = A3y (1 k7 N S I A ] By o NG 2 R T e N R s N R Y 1 )
58.25% .53.02% .48.45% .64.31% .64.29% .54.05% .65.91% , 45 %6 A BH 5 14 HL 49153500 K 40% .40.93% 41.75% .
35.34% 35.71% 45.95% .31.82% ; 1fii yic W A 9% 4 AN B i o7 51.34% , S K AN B A 7 37.43% , 2000—2014
AR A A AR | R LA R DM | AR R R A K ZR A B R B HE AN B LA R
TR % A | SE RSB 60 LA 0 90 A 42.119% 37.10% 31.15% .51.82% .60.86% .44.18% 45.25% , 45 %6 A
I 5 A 53 )k 34.38% (35.04% 26.50% 31.76% 34.93% .32.68% .38.32% , 1M i (6 FE 4% A 1 2 K 88 45 4 A
B4R 27.01% , SERKASBH BAL Y 20.05%

1982—2014 AFAR % LA P (A6 3 RN A D) AR PR AR B AR AR ] i, E R IR FR AN W] |
WEIR AN I ol 48 i AN B I8, A RANE 8 [RIREA [RIAE 9 S 0 %) A A A A Ak b 3 b A B2 1 (4 08 ) ANBH I
IR (IR ) AN BT o T AR L AR K
43 YRR 5ERF LR

FET AR L X SR 33 NGk SRR G 80 , 1551 1982—2014 AFARE 1L X AR 2 F A g /1
A 0.0426 C/a 4SRN 5.7 C AR IR Fcs HBLTE 1998 4F | 5 fik H BRTE 1984 4F, 2054 6.6 4.5 °C ;
AEREK L T, REE R 0.8663 mm/a, F-HIAERE K i R 225 mm, 4F R 7K it B 5 o4 282.5 mm (2007
AR B AN 174.5 mm (1991 4F) o ARG 5 40 B TR I B2 28 5300 Bk I G 3R IATITR 5%
TRFREB YT KN R (R 3,58 4)

H % 3 i A KRG S 2—5 A& H IR R o AT, o g AR K 2
RIS 2—5 A& H SRS EASC BT &, 28 &It ff 1 58382 1 BEAE  TH A B AR 2 B BR I, T A
TRBEAE L ) A K ZR R I BE TR B TH R 4R o BRIA A A 0 A A e AR K R IR S 2—4 A 4 H AR 2 A
%, RIBER BE AW T R R A A2, AR K R IR DR AT . R A S AR B R A KB 5 5 AR
T 5 TEAROG A AR K R R 5 5 A SRR DG . MR AR KRGS 2—5 A B K A DG MR R, X 5 XR
AR B FTAS B A K A L AR R B R R R A R — S, R R AE KR B 2 AR
KR IEARDG, Hif T 0.05 BARER L ; S Eg A KGNS 3 A MFoK Y2 005 BIFE KIS 2 fE
AR RIS, b, &I AR KRGS 3 A KBS E T T 0.05 B 5 AL, R m A gl | R
PR T BAEE  E B BE AR B g A KR R I S 3 A REK AR DGR T 0.01 BFFER S,
HAR G ZR B i s A A AR K ZR G 10 5 45 H KB AT 38 4 o R R 5

MR 4 e B g AR KRS 8 AR RE MARDC, Halid 17 0.01 B15BK K, R E T, 28k
IR AR /D, S EERATE B T ML A KR BRI S 8—11 ARRENMEG, HS 8 ARER
FHAOCIEE L T 0.05 9B (5 EERL I, Rl B &, i LLOAR B B w2 A AR B 1 AR K AR 5 45 A
FHOCPEAR AT o B S PR IS . e KBRS 8 H Bk B IEAH ¢, BIVRR K B 380, HE 8 Ay B %) st [i]
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R Hrh B A IR KRS 8 A UK 2 IEAOC, EARE L 0.05 EA5 BEAR 46 v LB i Ak K
FARWG 9 ARKE S, il 0.05 BAF R R Mg KRS 10 A 11 ARKAMCEY B i 2
EVERR

£3 MEUERERFTHBSKE EKHEXRY

Table 3 Correlation coefficients between SOS with temperature and precipitation in Qilian Mountains

Pl e S Temperature F#7K Precipitation

Vegetation types 2 A February 3 H March 4 H April 5 H May 2 A February 3 A March 4 H April 5 H May
Fifi -0.051 -0.152 -0.238 -0.082 -0.051 -0.629 0.029 -0.083
L -0.183 -0.276 -0.310 0.102 0.077 -0.574"" 0.111 -0.266
B -0.164 -0.267 -0.274 0.150 0.117 -0.510*" 0.075 -0.351
T -0.034 -0.273 -0.256 -0.058 -0.160 -0.625*" 0.108 -0.068
e LR A -0.102 -0.367 -0.292 -0.116 0.089 -0.433" 0.055 -0.104
BF bR -0.022 -0.219 -0.171 -0.010 -0.206 -0.553*" 0.246 0.016
i) - A -0.328 -0.394 -0.363 -0.055 0.027 -0.393 0.007 -0.317
TP -0.070 -0.199 -0.142 0.032 -0.351 -0.597 ** 0.222 -0.281
ERE TR 0.144 0.107 0.078 0.059 0.473* -0.088 -0.255 -0.002

* FNE I 0.05 REAF L, « « F/RiliT 0.01 fEFEAR

R4 MEUERERSRBSKE EXKOEXRY

Table 4 Correlation coefficients between EOS with temperature and precipitation in Qilian Mountains

KB S Temperature [%7K Precipitation
Vegetation types 8 1 9 H 104 11 A 8 H 9H 10 A 11 A
August September October November August September October November

Fifi -0.135 0.224 0.075 0.109 0.469 * 0.035 0.130 0.128
H -0.376 0.200 -0.068 0.043 0.374 -0.070 0.068 -0.123
B -0.544 " 0.028 -0.155 -0.046 0.164 -0.206 -0.106 -0.254
T 0.002 0.230 0.120 0.103 0.353 0.068 0.196 0.177
ie LLIAB B -0.403* -0.004 -0.212 -0.122 0.168 -0.396 " -0.126 -0.146
BF R 0.031 0.116 0.094 0.170 0.353 -0.002 -0.008 0.185
i) - A 0.226 0.264 0.104 0.166 0.169 -0.022 0.125 0.076
P LY IR -0.190 0.085 -0.041 -0.003 0.480" 0.175 0.185 0.161
ERERER -0.294 0.046 -0.059 0.031 0.136 -0.031 0.090 -0.071

# ORI 0.05 FEAEERR, « « FoRiE 0.01 M EFERL

4.4 YMFEIER SIBIKNCE

Bl 6 R T 2000—2014 A8 LLAE DS EAEA AR = B L AR TR 0L, MBI A ), ik 1E
2700 m DA B Bl VAR 0 TR AR AR K 2R 00 A SR AT AR B I AR 2700—3250 m Z [BIE Bl A
WITEE A K 20T 50 S A MR FA 3 VR KT 3250 m B, Bl TRF 3R B9 T, AR K 2T Bt a) ) B 2%
PEHEIR BV b AR LA B 9 A K L SR A A A8 Ak ) — JT 4k R I Rk 00095, RIA: 4 ZR 5T 4 Bisf 1]
B4R BT 1000 m R 9.5 d, 1A= 4 25 46 0 Bl VA A 190 T o S R B 38 () 15 D45 O A 300 %) 235 ) 43 A s o —
0, S TRETE ) TR K BT IR e 0] 5 13K 56 R 98 45 R — 5,

B A A ZE AR IBE T AR 0 AR A 2 I R A B B8 Ak, IR AR T 3250 m B, Bl 25 V4R 00 5 AR B AR
K AR T A S A IR B A T Y VR AR 3250—4100 m 22 6] i | Bifi 5 HE 4R A0 T s, 2R K 2R 3 T 3
B BT R TAE 4100—4500 m (8], B 2 V4 04 T S A A 4 2R AR I o AR GR 5 ¥4k R 3 4500 m B
A K ZE AR PR B AR T e B R R 3

BEVEEIR A0 T B AR AR K K R R R g A e X S Y A A g i — 20, M E R B EZIE
AL A/ | S MR A R LR 5 —0.0096 , B4R 45 T8 1000 m A B AE KK 4% 9.6 d,
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Fig.6 Variations of phenology parameter in different elevations

5 HBR51E

ARSI Double logistic #0457 L EIE 38T T 58 XA [R) A8 4 1 4 S 50m) 28 43 SR A, 945 4 Tl 1A
S F TR X A TR R G5 RAE

(1) 1982—2014 AFARHE L1 fa] Y AR B | [ b MR A R R AR A 4 R K B G T e AR A
Z K PR 0 R R Y S LR TR R AR 1982—2006 4FAE K K SR TTTAE 2000—2014 4R
KRB IUAE A 5 £ I MAR B AE 1982—2006 4F-AE K 4 BEAE K | T 7E 2000—2014 AFA K K B4

(2) #B83% LA AR A ZR G I - 2EAE 5 400, F o [ b bRORE 9 A 2201 R ek ) e 7, 37 AR o A K 2=
W B B AR AR R AR AR O H AR R A K TR R R SR B TR A K B
Wi, FAHPA KR T T 110 d—140 d, A E I ARAEBE | BE AR B AR A BE R T STe BEAFL B L 5
g KRR,

(3) H B YIFIAAE 1982—2014 4EAEPRAR (LA ORI B, A K F G 30 A = 2L R MU SR AT AN I &8 HE
RANIA P o AR LR K, 2 KK e i 4 S AN I . SRR I, BT o AR L R K

(4) B3 LA 2 K AR I AT I TRLEE A R G TR B A A 4 T 2441 3 (R /Kt 2 s m Al A K 3
WU EZE N7, e KRERNS s—11 A KBRS & S g KRS 8—9
F R AR SRR, T 10—11 H FEK BAR SRR R,

R DA AN T8 4 S M R 2 s B 1), (ELR S By 2 v | A0 DR 28 1 A8 b S A 9 o A AR 3R BE T A K
AT, AR A R Rk D R SZ TR EE S e, R TR R B AR R (AR AR W AR R 2R 0 B S 4 UL Ik B A
WES , T DL 5 2 52l DX K R 10 B 1 R M A Bl 75 AR K B SR I 7, X 5 Xin 25 A5 39 K
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AR5 2T B DX BIR T 5 TR A 45 IR — 30, AN [R] e A B AE AR 0 SO0 A 728 A 1y o g 782 A e
AN VAR P A P b A 2 0 ) 52 ek 728 AR M 2 T G A 4 88 v B AL 52 K 43 AR AR B S K 3
2 FH TR A AT 1, IX P A P P A R S0 s 300 T T A vy L DX R A, TR 928 A (] T B bR o v L i 5
K, AR A T T I e RO B T A i &, K i 2 S A R A S i 52 e, A TRl g 28 A A R ok
9132 05 BE K 53 S e P O R B AR A, L v Vg DX P A 52 T R i B P k| 3 DR A AN R T4 1 B2 oK
RERAT AN R H G BOR R A 2 AR A K ZR 8 A s ] A — 3, VAR b B SR ) PR T B S B0 VA
X BAE B i AR AN . A SCHASE 1A | B K AR Ao ey i A Ak 1% 52 o HHE B A<0f R B R
T S i AR B — B, BT Z B R A R Tt — 25T

2000—2006 4F-, GIMMS AVHRR NDVI 1 MODIS NDVI %4 8 & |, 1X W Fp 5 s £k M 480 & 1 A0 56 R B 1
0.9LA I, Ui BH s [ 75 5 et HL A B i) — 350k, ol DA RIS A e s A8 AR A e v, ARHRE T8 5130
BAAEP A TR G A 138 K, 45 A 5 247 K, NI EEME AR 81 A K =R 40 51 0 5 131,130 K,
SEACH A A S 246 250 K B LS REEAR—B, 7 C A ABFFT SR P 2RI A5 A 2 T I 3 2
FEURISHE] R 56 124 K S50 E] R 56 266 K, X SA ST 4 ARFEAR—B, v UL, A A i B BOs 264 7 4
Ve gy B — & B HER R, sk im0 LT 1982—2000 4E GIMMS NDVI & 2001—2011 4E i) SPOT
VGT 38 BB G 4RI T 1982—2011 4F- 75 6 = I A A Al P 16 | WY 55 A4 1 a8 SR B B 22 P 45 9 1 DN A
WY BA — 2 S5 MAER AT T, 7R SCR FH M JEES  20A [m] s B H RO 9% 19 1 25, AR
ANV 23 23 R R BCE il R P I 1) e 0 B8 0 I Jre iy o A8 A 0 R AR S i B 5 5 T,
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