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Spatiotemporal variation of vegetation phenology in Xinjiang from 2001 to 2016
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Abstract; Typical phenological metrics (start of the season, SOS; end of the season, EOS; and length of the season,
LEN) were estimated using moderate resolution imaging spectroradiometer ( MODIS) -normalized difference vegetation index
(NDVI) data from 2001 to 2016. Then, the phenological interannual variation trend and its spatial pattern were analyzed for
the ecological mountain-oasis-desert system ( MODS) in Xinjiang and its sub-regions, and the relationship between the
vegetation changes and the climate variations were discussed in combination with the meteorological data. The following
results were obtained in this study. The phenological characteristics in Xinjiang exhibited obvious zonal and vertical zonal
distribution characters, and the altitude plays an important role in the regional differentiation of phenology. The SOS and
EOS ranged from mid-March to early-May, and mid-October to late-December, respectively. Contrary to the global
phenological change direction, the SOS was delayed in Xinjiang with a delayed amplitude of 1.9 days in every 10 years, the
EOS was advanced with an advanced amplitude of 3.66 days in every 10 years, and the shortened LEN amplitude was 5.6

days in every 10 years. The SOS was earlier at the oasis and plain regions but later in the mountain area in the entire
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Xinjiang area except for the Eastern part. The EOS occurred earlier in the mountain and later in the oasis region of the entire
Xinjiang area and different partition zones. The LEN range changed from the oasis and plain to the mountain areas except for
the eastern part and showed a vertical zoning character. Based on the redundancy analysis (RDA) , which explains most of
the relationship information between the phenological characters and the climate factors, the SOS was remarkably influenced
by spring temperatures, the year before the winter rainfall and sunshine duration. Summer and autumn precipitation was the
important influencing factor for the EOS, which was affected by the temperature and sunshine duration, although the effect
was limited. We may have to consider the changing amplitude as the main and secondary factor that affects the phenology
metrics when studying the associated interannual variation. This is because various influencing factors may have different
effects and change the direction of the advanced or delayed vegetation phenology, which ultimately affects the phenological

characteristics of the interannual trend.
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Fig.1 Sketch of different sub-regions in the study area
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BAR BT R) , AR L TR M BB 0E B =0 1, ULHHHE s i T R4 15 EOS A4 K
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Fig.9 RDA ordination diagram of EOS and meteorological factors in Xinjiang
Temp : i, Temperature ; Pre ; f% 7K , Precipitation ; DLen ;: H BRI 4, Sunshine duration ; EOS ; 4 5 Z2 45 B A], End of season
IHEE . @MEL LR AT AT BT 5B A 1 A 4 2 45 S ) 2 2052 294 10—11 H <R 7—8 A A 9—11 H

KE7K 7—8 A H BRPE R 2 ma (BB AR KA GRXT T EOS B2 e o 28 . J5UPH T REAE T A AL
PR B T PR, WG R Y B 5 0 S AR AT 3 A DG Wi SO Y T e A A
W T (A R P A i) BT it A Rk ) AR 20 T e e K B A R TR R A K R A R
PR PEIEAS , T B2 E A A O (AR | BT LARE K B 5 BOS B B3 IEMIER R,

R1 2001—2012 E£FBEEKFFANE RDA HIFRAHMESSEFHEXREY

Table 1 Correlation of two SOS’s RDA axes and meteorological factors of each plot in Xinjiang from 2001 to 2012

K Temperature

[%7K Precipitation

H P& %% Sunshine duration

BF Factor SUHEE B2 HEE B UHDEEL B 2dbEE R 2 R
Axis 1 Axis 2 Axis 1 Axis 2 Axis 1 Axis 2

H{—4F 10 H Last October 0.206 0.000 -0.151 0.000 0.096 0.000

Hi—4F 11 J Last November -0.332 0.000 0.545 0.000 -0.488 0.000

Ai—4F 12 A Last December -0.088 0.000 0.552 0.000 -0.398 0.000

1 H January 0.269 0.000 0.541 0.000 0.024 0.000

2 1 February -0.284 0.000 0.617* 0.000 -0.562 0.000

3 H March -0.565 0.000 0.521 0.000 -0.277 0.000
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S Temperature %7K Precipitation H B4 Sunshine duration

BT Factor SOUHEEE 2R B UHEREN B2 HEREN B UHERR 2 HEF

Axis 1 Axis 2 Axis 1 Axis 2 Axis 1 Axis 2
4 F April -0.571" 0.000 -0.052 0.000 0.055 0.000
5 H May -0.627 " 0.000 0.382 0.000 -0.527 0.000
A —4F 10—12 J
Last October 1o December 0.154 0.000 0.389 0.000 0.452 0.000
Hi—4F 11 H—44F 2
i —4 11 A—2 frF A . -0.160 0.000 0.777" 0.000 -0.672" 0.000
Last November to February this year
BI—4F 12 A—44E2 (4%
Hi—4F 12 A—41F 2 A ( - ) -0.025 0.000 0.784 " 0.000 -0.518 0.000
Last December to February this year
3—5 J] March to May -0.824" 0.000 0.520 0.000 -0.291 0.000
FHHF(E Eigenvalue 0.889 0.111 0.718 0.282 0.732 0.268

FHIEE AL Eigenvalue summation 1 1 1

# i 0.05 AR EEAL IR Y 25 N T

F2 2001—2012 FIHBERKF LRI E RDA HF AR ESKEFHEXRY
Table 2 Correlation of two EOS’s RDA axes and meteorological factors of each plot in Xinjiang from 2001 to 2012

SR Temperature [%7K Precipitation H F&AF4X Sunshine duration

B Factor BHOTE 2 HUTE W HTE B2 HTE W TR 2
Axis 1 Axis 2 Axis 1 Axis 2 Axis 1 Axis 2
5 7 May 0.245 0.000 0.138 0.000 0.096 0.000
6 A June 0.207 0.000 -0.370 0.000 0.188 0.000
7 A July 0.085 0.000 0.497 0.000 -0.280 0.000
8 A August -0.223 0.000 0.428 0.000 -0.318 0.000
9 H September 0.082 0.000 -0.306 0.000 0.233 0.000
10 H October -0.472 0.000 -0.200 0.000 -0.321 0.000
11 | November 0.374 0.000 -0.395 0.000 0.199 0.000
12 | December -0.155 0.000 -0.141 0.000 -0.096 0.000
6—8 1 June to August -0.004 0.000 0.354 0.000 -0.217 0.000
7—8 A July to August -0.146 0.000 0.635* 0.000 0.333 0.000
8—11 H August to November -0.019 0.000 -0.025 0.000 -0.040 0.000
9—11 /| September to November 0.068 0.000 -0.447 0.000 0.218 0.000
10—12 1 October to December -0.054 0.000 -0.392 0.000 -0.046 0.000
FRHF(E Eigenvalue 0.803 0.197 0.659 0.341 0.406 0.594

FHEE AL Eigenvalue summation 1 1 1
* ﬂ‘]@ﬁ 0.05 ﬁf{gfg*ﬁ%ﬂg [ gm¥

(1) Frast o ik BA WY i 245 ) 43 A A0 15 M Ay 53 A5 RRAE | V4 7R 4 Aok 1) b el 53 S vh 49 Vi3 o A
o B e KFEHRIED T 3 bz s J EaCF¥5 74—122 K) AEKFERE DT 10 AhfE 12 A
TA)CFE5 284—354 K ) , WO FAE B W R AE 0 52 W by - G 4RCRE TH 81 1000m , A8 4 2T I B[] 43R 8.
9d, A= K ZLEH R HERT 6.6d , A KK 4504 15.5d,

(2) 52K SN YRFEEFAN S, B ss a4 K T iR i ] 2R G 3 HEIR iR 1.94/
10a 3 4= K ZE 448 T a] 52 4 i e 34 3R AT R E N 3.66d/10a 3 28 1 25 (K B B 4 St 34, 4 S A W& B2 K 5.6d/10a,
AR FER A SR BE R, B g | L b (%A% 4 AR K 22 T B Bsf R) 438 R 2 4300 5.6d/10a Fil 1.2d/10a,
R AR SR X A1, A5 SN () 4 IX 349 S B AR S ST A R TR AR e R e L Ll DX | AR | =3 2 [l AR
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22 9d ZeAy 5 A KON TR] 3 DX 5 B 1L R Bl I R A TR 5 TR A R SN A R G SR B T
[BIFH2E 16d 2o s BRARSE MBI AT, A KA ) 23 DR A 1 0 1 BE 249 O 2 B JE D> 1, — 3% B A B AR 22
T 25d, (AR s T 2 A 1R oA B ARAE

(3) M TCAR TR BIHEF AR R TSRS R I TR R B4 RA 5 B, WK il A H B
BORFL BT AR P I A E 2R N R AR R TT IR I 8] 32 B — 4R A ZR K i B R i e Oy (35, A2 31024
EEFRMAT R4 H IRIPEON B850, FL S KR B ARG, 5 0N B IR R 2 S 5C . 3
KT 7K T SRR A A R TR A R 8] (9 2 A P AR, Bk 10— 11 AR G 7—8 A H I ECA 7 = 1 52
M b, R SR B2 SR H IR ER S B

AWTFE R VIR B GO0 BRI, LA BERAR TR 16 AR RAE B I ) S A A T AN 5 52
PR WA 54—, DRI L 3 T A2 AR A ) A 285 70 DX R 4 g E A 7 M TR A IR AR A TG B SRIE, LA
LR BRI F AT 255 SR w4 B AR A 35 ) T 1 N A5 A Bk i e AR B 355 07 1
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