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(] AR ELOG 2R S5 SRR 2 (1)2004—2013 45 A 52 7t 8 Ji7 X 4% ol B M D sl 3 AN 1 38 3R T i LA IR R AT IR K 388 o s 34y
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i35 25 B BERE K SO AR DG W35 SR S A AL LB B %
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Responses of phenology to climate change over the major grassland types
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Abstract: Plant phenology, studing periodic life cycle of plant and animal, always is used to indicate climate change.
Various vegetation types show different phenological responses to change change. This study aims to analyze the relationships
of changes between phenology phases of dominant species and climate variables over the three major grassland types in the
Mongolia Plateau, including meadow grassland, typical grassland, and desert grassland. This analysis used phenological
and meteorological data from 24 ecological monitoring station in the grassland of inner Mongolia between 2004 and 2013.
The results showed that: (1) precipitation shows the increased trend and air temperature decreases before the start of the
growing season (SOS) in the study area. Before the end of the growing season ( EOS), air temperature decreased and
precipitation increased in meadow and typical grassland, but air temperature increased and precipitation decreased in desert

grassland. (2) through 10 years (2004—2013) , the SOS of meadow grassland advanced by 2.04 days and EOS delayed by
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12.68 days, and which lengthened the growth duration about 14.72 days. The SOS of typical grassland advanced by 4.01
days and EOS delayed by 10.35 days; the total growth duration was lengthened by 14.36 days in 10 years. In desert
grassland, SOS and EOS advanced by 1.32 days and delayed by 9.58 days, and the growth duration lengthened by 10.90
days. (3) The dominant factor affecting SOS was temperature, rather than precipitation, in grassland vegetation. The SOS
showed a significantly negative correlation with the mean air temperature in meadow grasslands in the previous three months,
and it advanced 1.123 days with a 1°C increase in average air temperature in the three months prior. However, in typical
and desert grasslands, the SOS significantly negatively correlated with the average air temperature of the two months prior,
and it advanced by 1.137 days and 1.743 days, respectively, with a 1°C increase in average air temperature in the two
months prior. (4) The EOS in typical steppe was jointly controlled by both of air temperature and precipitation of previous
1—2 months. In particular, there was a significant relationship between the average summer air temperature and
precipitation in the current month. In addition, the EOS was delayed by 0.119 days with increased precipitation in the
current month. However, a more complicated mechanism presumably controls the EOS of typical and desert grasslands, and

no significant relationships between the EOS and climate factors were found.

Key Words: grassland type; phenology; the start of the growing season (SOS) ; the end of the growing season (EOS) ;

climate change

TP 2 AR AR ) 52 PR B B 25 A R R A2 AR S ARG RN A A5 A28 Ak i 1 10 B A P AR Ak,
FEA R K2 RN A AR VRN U R R AR R R K ARIIET Y MY
YIRS Z AR B S, AR A 25 R G X BRI AE AL A IR I, & R AR L B < 2 i 80
B X A AR AR R B R AL AR 22 2 52 s R s 9 0 TR Ik, A2 400 0 i AT 5 0 R A -0 O AR T 9 A B B
WA,

SRR BEE AR , AU RG24 X B L R AR K BRI AR AT, AR 3SR, A K e KLY (HE
LR R B AR IR R B R 31 A Jeong 25 % BRAL BRI B 1982—1999 4F A= K Z= 4511 (SOS) 1 #)°F-
PHEAT T 3.1 d, B KZBRYI(EOS) PR T 2.5 d, £ K ZE(LOS) #EK T 5.6 d;2000—2008 4 SOS HEHi f#4
PN, HEERT T 0.2 d'7' . Wang ZE0F58db2F 5k 1982—2011 4EAH B YR i 25 fhta#i, R B AAAR | SOS A #2i
FIFAH(1.420.6) d/10a,{H 1982—2011 4E SOS H-I% A B &M LHE " | HHARNFELER W Zeng WIS
A 45 A 2 B FE 2000—2010 4EJE2FEERAG SOS #2175 T 4.7 d,EOS #E)5 T 1.6 d,LOS #EK: T 6.3 d, {HZIL3EFN
VR A Bl 6 e A8 A A B i 4 X 51, FE 2000—2010 4, SOS #2157 1 11.5 d, KR T 2.2 d,LOS #EK T 13.7
d s B A i A K 2= SOS H2RT T 2.7 d,EOS #3217 3.5 d,LOS #EK T 6.2 d'°', Cong Z5:HF5T 1982—2010 4=+
FED R AR SOS ARk s, & A BEAT#aH P34 (1.3£0.6) d/10a""™ . Yang ZHF5¢ 1982—2010 4F 1 [ i
WL EOS MR LA 7858 25 30 4R A KB AR WIMEIR T 1.3 d/10a, 2R 1 31X Al Ja B 3T AN 4522110, 1980s
BEMIRS, 1990s F1 2000s X FHRJE EHIEZE " B2, ARBFEET 2000 45 PR AR OB 9E A 5K
4L,

T e DA e ORI 52 by s DRI e S Sy O e I ) B B 4, A2 A BR AR A S5 JR 27 1 b X
2 GRAESRAIT R T R E IR . (B4 AP E AL 22 AR, A0 Jin 2 Yu 25T Piao %K
PR 1982 4E 3] 1990s H 4 75 9 =1 JAL SOS A R S HE AT A A, 1999 4E 5 SOS HBE T 4ER , i BEAY 22 57 3 3L
1982—2006 4T = L A3 5 01 18 A 35 A AR AR 34219 i Shen %5 & BRL 1982—2006 4T 76 75 8% o I (14 35
SOS Hi BUHEIR (a3, 76 3 IR A PG R 0 AR S0 AN AR JL B 450t B SOS $ai i ka 3, X 25 5 5 SO A~ i JA
SOS FF A 2 A ka3 7 i Zhang 25 % B 1982—2011 4F- 75 60 5 JE (1 SOS 2 BUER LR (i B2 pi ka3 1) |
FESE R IR R REAEAE I, SRR 5 O ik AR A AN F R P ARt gy, Ho B FREgE 38 80 (NDVI)
HATHE R B 245 R W], 1982—1999 4120 1982—2006 412 2001—2010 4E'%) 2002—2014" %) 4F N 52 1 FE
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JIX SOS ¥4 R HiT Y, EOS A HER iy e, LOS A7 FE K i 3 3 T UM A K = 45 i i 2 e 3
WA A L5 ) BT 3l OO B 1 F 5 2 2 B L 5 iy 7 e O 1 S T g e 4, R 5 2 1 0 A
ARARRFAE , L 2 [F] — et JESR TR A ] ol i 2 ), AT AR S R e a3 (R 1) o

R1 TRAARRBEHARGEREXEMWIEELEE(d/10a)

Table 1 Previously reported changes of vegetation phenology ( days per decade) from different resources in Inner Mongolia grassland

gt K X 45k A WY R IR i R E= PG
Period Data Region Station Plant Type Greenup ~ Dormancy — Duration Reference
1982—2006 NDVI thEAL T — — A -3.60 2.40 6.00 [21]
1982—1999 NDVI Ry - TP R -6.76 3.99 10.75 [19]
1982—1999 NDVI trE AL — — AU H -6.11 3.89 7.22 [20]
1982—1999 NDVI ALy - — A 5 -5.00 4.44 AR K [20]
1982—1999 NDVI gLy — — Fe B -7.78 6.67 13.33 [20]
2001—2010 NDVI Ly — — TR R -3.10 1.30 — [22]
2002—2014 NDVI S - — TR -5.79 5.07 10.86 [23]
1960—2010 0°C U N 49 4 — — -0.65 0.71 2.37 [24]
1960—2010 10°CRUR  El 49 4~ — — -0.85 1.26 3.11 [24]
1961—2010 0°C Uk W5 46 4 — TR -2.04 0.68 2.92 [25]
1983—2002 UL WEEE BURE YA A T fr) B -5.21 3.88 IS [26]
1983—2009 L WEES BRI DUNJRERE R 5 -2.74 3.68 6.41 [27]
1983—2002 UL e T ¥ ) Fr A -0.04 -4.27 Eipel [26]
1983—2009 U] WEEl SRRSO RE SRR 0.31 -2.72 -3.03 [27]
1985—1993 U] WE BRI R P 5T - S5 - [28]
1985—2002 L WEEl BARIERE O REE EE Hef5 PR — [29]
1983—2002 UL WEEd BbkiE R S BB J 3.59 0.75 4% [26]
1983—2009 pURLl WS MR REEE BURR 5.71 -0.36 -6.07 [30]
1985—2003 BRI NS Bk KEPF R 9.30 -6.20 -3.80 [31]
1983—2002 U] e iy FH BT BT -0.78 -7.55 4 [26]
1983—2009 BRI W5 W SRICHEE SRR -5.26 -7.88 1.16 [30]
1983—2002 UL Sl BARIE FH PRI R -7.44 -5.60 Yl [26]
1983—2009 BRI WEh ORI wRESE ERR -4.83 -0.54 4.77 [30]
1983—2009 UL T BAER O RIRES TR R -5.17 -2.97 3.40 [32]
2004—2012 BRI NEEn 61~ NEFE SRR -0.98 -0.98 -3.2 [33]

2R Leymus Chinensis

KT RIS S A A vy iy AL A 0 3 B HG O R B RRAIE AT LEBE T IA N SOS U R A Ok
EOS 50K A —E G R, SORBEA N WAL Y W52 A i 2 S 20 EA A B 538 s A
Wy AR AL 5 K AP IRBUAT TAE A AR DG, TR R AE IR A 1 T 52 TR X i Shen S5 775 7805 J5 14
B R IR, R0 T 30 52 WA K PR A ) 2 S5 52 R K, 8 2 ik KR v JELARRL AR 77 119 R ZE M K Piao
SERFFSE T 9O e SR 3R T 3 X G 18 0 ) 7, DAy 7 2 A K (1A R T e S R A R T
TESEH AL, Shinod 2RI H T NS S IEEN P S5 A T I & R WIFE R i 2 AT 00 T R
TS AT Sd YRR I 5 W I IEAIDC Y S B 7R N S8 IR AT RIS A (3R 7 ) A
REEN 2RI K AR ) 2 ORI A SRR R 2 sk RS A g X A A A A ) 7 L A K e A
WY RN Z— , ] BE-5 AT AL B 7K SR IE LA i Ak DX e At AN TR A 56

PR S5 oty e SR DOCIY. 5 i ) T A A 20, AR 3 DY g HAT W 8 )/ PR 8 | GO T ) i i TR
S JFURISE IR 5 3 AN I AR RS 35 SRy 4 R AN TR AR A 2 e X A A P o o7 A J) i
THAREG . ARSCET NS R 26 DM 5 2004—2013 4FRUINTERE, L2240l 5 9P 2528 4k
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S e e S S TR W) WA AL AL, LA s A6 5l e Dt DAL R 75 30 L B S A0 2 R TR K SR ) i A A
TS T X A W g i ALY

1 #MRSFZE
1.1 R XA

Ay —s ~, N, —H- . N
BFFEIX 7 T 52T [ 3 X A 00 o B X 221K I A
iy e e . . . - 50°N
v L S LR A A X (R 1), T AR TR N
FEE P9 AN [ T I 0 ) A 5 JE I A L P00 [ ST 45 95 755 3 A

R A B A X 3 A TE A 8 AT B M 1 2 R R R

TRV DX A3 A 2 5 ) I A A8 [ K B R EBUTE 350—
500mm , 4F 3535 A -2.3—5C , @ RER O 2 AR B DUInJR &
% (Stipa baicalensis ) . Fifi % K i B (0 4 15 R0 108 J32 1Y)
FEAIG , 7 ) 5 SR Y AV (R 2 R OB B T T R i

45° |-

40° -

400 800km

RUBE JFA A | AR R K B R EE 300—400mm , 4F Y15 N ‘ T S
1—4°C R BEA N A 1 KEF S (Stipa grandis ) 555 [ 100" 1o 120
53 (Stipa krylovii) . FEAEPEHEA T 5 X, W H BT 5 B1 WESERENNHE

S ER AR Y T T T A AR K R KRB 135—31 Tmm Fig.1 Distribution of Grassland types in Inner Mongolia
Z I8 AR R 0.8—5.3°C, &R Jy ik A 1 /NEE
(Stipa klemenzii) JHAEEFSE (Stipa breviflora) IPH4ESE (Stipa glareosa) %
1.2 BERPRIE
1.2.1  WEEdE
Y ARV T 5 A% R 2004—2013 4F B XY 24 A4S A8 25 W0 ol A8 R ook}, A S 3= 2243 ik
B A 2 R E BB AR IE S AR K K B AR AUARIE . & BT E O IR 2,

R2 ARHEEXYERANEHERER

Table 2 Informations of Phenology Field Observation Station in Inner Mongolia Grassland

s ZEE/(°)  HEN/(°) EJFXER WA B H B ERFEKAE
Station Longitude Latitude Grassland Type Observation Plant  Green-up Dormancy Duration
BUR TN 120.18 50.25 Fiu) B DUIZR g 137+6 263+8 128+9
FERR ) 119.82 45.53 F ] LR DUIMIK &2 124x4 251+1 128+2
SLAT LI 117.53 43.25 F ) L DUIZRER2F 126+6 260+6 134+8
T L 117.43 49.57 i) B 5 KEFHF 1334 244+12 110+14
IR B IR PR L 119.43 49.32 R KEE 130+4 256+5 12246
I R 119.75 49.15 PRI R KEFF 1276 260+9 13616
B IR PEAT I 116.82 48.67 R A 128+4 251+10 125+11
B IR R eI 118.27 48.22 PRI R TEIRE S 1325 255+5 124+9
X 118.80 45.72 o) e 5 KEE 127+10 248+3 12111
ARG 116.97 45.52 LIRIE AN = 123+5 257+6 1348
oy (1, Y 114.95 44.02 LIRIE T IGE 1216 254+6 134x6
R 113.83 42.23 A F TLRERF 115+5 245+9 13311
Py F 111.68 41.53 o) e 5 A 11710 265+7 15110
5 1 it 117.60 44.58 TR R JE KEFE 12643 259+6 1306
(VNS 116.07 43.95 LIRAE ¥/ KEFF 11810 2723 155+7
CUARA T 118.65 43.53 AU E KEF 119+6 260+5 1437
IEFE 115.00 42.30 MY R e S E 1213 264+4 14546
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A, ZEE/(°) HEN/(°) FJFHA A IR ) ERFERKE
Station Longitude Latitude Grassland Type Observation Plant ~ Green-up Dormancy Duration
E W 115.98 42.25 M R g TLRERE 117+6 255+7 142+12
KA i 115.27 41.88 TR R i (G 11245 289+6 180+6
TR 111.97 43.65 RL WA 121+10 270+1 145+ 11
piN eV 113.63 43.87 T B i INEESE 120+8 2708 1517
piVEXS YY) s 112.65 42.75 SR R INEFSE 11849 273+12 152+9
B i 108.52 41.57 TR EL INEF S 11312 25912 143+25
KMt 110.43 41.70 TR JEAEET S 118+6 295+5 170=11

1.2.2 SfEprt

JIt ARG B AR T N St R DX 24 AN AR W i H S 330E  H BRK & L 23K B
1.3 il gy ik

W AR = B R A A 5% ) AR A G I RS ) P R A T 08 7
1.3.1 UL b A

% 25 W T i ORI e B3 ) T AR — S ZN T 10000 m®, Wik P B AR FP S A e A AR RE A R 2
P BRI A2 N T, HAZ /NSRRI 0N 340 N 5AT A ) A 6 A 08
1.3.2 XL A (]

ERUES=RIPIR GESY: Wit I En W oL = b B PR s e s A P E DU N I (ER S B VAV B
PR SULI , XL e — M 2 7E 4,
1.3.3  WLDUAEAR A e

LI ) 5 B R AR R Y R SR 2 AN B P SR AR . YRR T S TE R A F DU /N X P 1R R
RERTERIAE R 10 B, R IBUE s AR I 7 200000
1.3.4  WEgk AR BB A 52500 FbsifE

FIWTHEE R A LTI, — DL 2280 | Y =252 U 0 ) A PR . O A B R o DL
TP HEA R T WSO 5 E R, KB BRI — i e im0 AR F IR (M)
= 10% W AU, = 50% A R385 3 1, A SCHIT FH %) 40 40 A2 48 3 441

IR T L b b RO R SR 2ER 50%

B3 )« W /N X 50% A AR M IR AT 29 2/3 Al AR,
1.4 W55k
1.41 YEsokb s

F 7R K H AR B BIEE S R AE 1 A 1 H B B A AR BRI, SR G AT S o #r
1.4.2  ZPEMm itk

F4 B b U FAE ) i e UL H 3458 1 SRR B, s ) AR AL i R — e Rk R . THREA K
wr.

n

n x 21 X Jpy — Zl ijdﬂ-v
n x 21 i = ( 21 i)’
6, EEFRER  n S WIS (] B A AEEL, 0, 5 i AR BRBURE, R 0, 7 5 R E] 5 51 (45
03) WIARSCIC FRHIMT J, FE PRI ALY 2 25, RPN S SRR W L 17, S Z M Ros W e I /=
143 FHRDHITE
X YMEIR S R T AT A5 0T, R ¢ KB4 T i B PR 50 ( P<0.05)

0,,.=

slope
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Y (-0 Y-

i=1 i=1

o n AOFFEIN BUAFE x oy WS B PIANE B x, Ly 20 S AT TR RE AL,
2 ERE5H

2.1 RIRFFEIK 0 sl 3
TE 2004—2013 4RI [f] | 48 50 J X (10 4F 24300 I S22 ARG (B 3, BRI B 4 0.103—0.153°C /a, Hirfr | L1 20
Jir ok i v T ) R RN R R (3R 3) L HIR 2 (P>0.061) %aﬁlzagméykigzﬂ%m_,@,

£3 ARHEEERAXBXSETUNLMEEEREBZMKTF(2004—2013 4F)

Table 3 Linear trends and their significance levels of climate change in Inner Mongolian grassland

) R HI R i et B it
By B gL Meadow Steppe Typical Steppe Desert Steppe
Swge  Faor Bk MR MEREC R Bk WERR AR BOR WERK
slope P R? slope P R? slope P R?

B Ty -0.282 0.133 0.259 -0.346 0.061 0.372 -0.263 0.178 0.214

Green-Up T, -0.212 0.379 0.098 -0.253 0.282 0.143 -0.124 0.597 0.036

T, -0.188 0.467 0.068 -0.221 0.348 0.110 -0.047 0.815 0.007

Ty -0.216 0.444 0.075 -0.249 0.367 0.102 -0.305 0.262 0.154

T pring -0.050 0.735 0.015 -0.075 0.593 0.037 -0.061 0.664 0.025

T inter -0.334 0.082 0.331 -0.404 0.036 " 0.441 -0.361 0.051 0.398

Ry, -0.553 0.303 0.131 0.154 0.757 0.013 -0.021 0.957 0.000

R, -0.855 0.101 0.300 -0.120 0.792 0.009 0.002 0.995 0.000

R, -0.450 0.335 0.116 0.146 0.791 0.009 0.081 0.836 0.006

Ry 0.016 0.985 0.000 0.100 0.846 0.005 0.298 0.718 0.017

R rine 0.593 0.838 0.006 0.450 0.811 0.008 1.627 0.335 0.116

R inter 0.102 0.834 0.006 0.377 0.348 0.110 -0.022 0.913 0.002

S0S, 0.321 0.680 0.022 0.734 0.417 0.084 0.976 0.376 0.099

S0S,, 0.070 0.928 0.001 -0.223 0.793 0.009 -0.371 0.687 0.021

by T, 0.003 0.960 0.000 -0.012 0.865 0.004 0.060 0.490 0.062

Dormany T, -0.002 0.977 0.000 -0.010 0.918 0.001 0.121 0.380 0.098

Ty -0.148 0.201 0.196 -0.176 0.143 0.247 -0.155 0.180 0.212

T ummer -0.047 0.606 0.035 -0.056 0.556 0.045 0.009 0.927 0.001

R, 5.574 0.248 0.162 4.683 0.177 0.215 -3.339 0.346 0.111

R, -0.360 0.723 0.017 -0.916 0.668 0.024 -2.099 0.485 0.063

Ry 2.570 0.057 0.381 0.938 0.574 0.041 1.797 0.228 0.176

R umer 10.091 0.132 0.260 8.652 0.135 0.257 -0.242 0.961 0.000

EOS, -0.307 0.577 0.041 -0.571 0.243 0.166 -0.983 0.086 0.325

EOS,, 0.552 0.461 0.070 0.000 1.000 0.000 -0.873 0.170 0.221

4 Tyear -0.103 0.198 0.197 -0.153 0.061 0.371 -0.125 0.120 0.274
Year Ry 15.075 0.051 0.397 12.581 0.039* 0.431 3.801 0.533 0.050 "

T JR T 3 A F TR T,y J3R T BT 2 A F P ENEEE ; T, AR SR 1A F TR T - AR T BOREAT 4 1Y
SPHPRE 5 T i : IR ZEIITIIREE ;T e s FRT— AR R IOTHIRLIE ,\,m,m.,-j‘]EéE@qzi@ﬁﬁ';Tm,-7\]41‘:5’219&1; R0 R ping Rointer ~
L \R,earﬁﬁ Ty Tgo\T\I,,m#\T“,,M\Tm,,m,e,\Tw,,rlfﬂﬁfﬁﬂ’];%% R KA 5 S0S, \EOS, : Ay H -7 B R il 0°C i9%) H R H 5808, (EOS g ¢
b H AP H) iR B R E T 10°C /%) B RIZEH

FHETIRE A 3.801—15.075 mm/a; 45 555 X A8 AR K, 48 IR 85 Ky 34 8052, SRR 3 8 3 (9 K (P =
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0.051) 3 e/ NI SRy Fre B s it LR it 5 5 e it 1) 3K 31 B UK (P <0.050) (% 3) , 3 A HFE IXGR T 1T 3
MNABR(T5) T2 DA (T,) H LD AR (T,) SR AR (T,,) VUEGR T HT 1 A& ZEH R
(T 110 1AERY 12 A 5440 1—2 1) BFBEBR(T,,,,, : 1B E 449 3—5 1) B2 FEAGE S BRI EE 145
FPRIIE T > T3> T >T o> T, ST, BREVB R T A ZR A3 LIS (P=0.036) , ¥R XS B Z 7K (P>0.051) (£
3) o AHXF TR 9 AR fh R B, B K i 3 AT LU R 2%, 3 A RETR X BRIR 7 24 H K (R, ) A& ZE K
(Re) YIRS IR LI S (P>0.335) , Ho AL I B 7K (14732 A #5 2 S AR K 5 o) B JE K DA R BB 3ok
17 S 78 B JEr R V5 e i A /K DA i $5 o = BB GR B i 25 7KF (P>0.101)

BRAN S B AA e i R 8 T ) A U i 5 B B A U8 SRR AR DA AR AR R K B i ka H y
5 MR R DL AR T R R K R T AR AR R R B3 (P>0.057) (% 3) . IR RIRFIFEK
HIZSAGERE M T N B2 B R X 2004—2013 SEAR Y105 3 A5 i K AT 5
2.2 IR CRAE

2004—2013 4F-F fa) 50 J5 | MURN B Jer RS 088 B S AR AR 7 01 530 R (129+8) ((123+8) d FI(118+9) d, i
10 4F 3 2R JFUAE AR 77 W44 2 AR piy R A, e e o i LR TR 1 R AR 3R T 43 IR T T 2,04 ,4.01
d/10a 1 1.32 d/10a(P>0.239) (&l 2) , AR5 R 75 WIHR AT A S, M e B iR 3 4R A e 35 /)N
2.3 HERHIILRRE

2004—2013 AERL A FL it MR AL S5 B B ST ) R R D 430 R (259 £8) L (258+12) d F1(268+11) d,
3 KFLFAEDIIL 10 a A A 4 S 4 o R A e o) 2 Jipt | MR 6 Jep R0 S V6 o DA ) B A 0T 2 AR T 12.68
10.35 d F19.58 d( &l 3) , W) R J5 R LR B0 Jo SR, M IS R 3 0 3 (P<0.022) |, T 3 1 4 it s Ay SO 41 )5 s 34
/N, HARZE(P=0.223),

145 - o e o B m LRI 280 - ® JFiEFJR o FAYEJR w AR
| AR e i) 5 B T E et 275 | - B e FAERK  —— SRR
< %ﬁ ° [
g 135 1 * . '2 270
= ks
21301 geeew 5 g 5 26

[ 2
ﬁ 125 1 M & 260
= . - % 255
B 1200 _ e f Y e . ._t_.* Bk 250 .

115 | . 245 | "

W = 2 3 & = = = 240 :

S 8 8 8 8 8 8 s = o o S 2 &£ £ &8 &8 8 £ =z 2 2
Q Q Q Q Q Q Q Q Q Q Q IS 54 S 5 < IS 5 < 54 S S
S Year 44y Year

2 ARHEEXEMERSFHELEE(2004—2013) E3 METEREREMERPELES(2004—2013)
Fig.2 Interannual variations in the onset dates of green-up from Fig.3 Interannual variations in the onset dates of vegetation
2004 to 2013 in the Inner Mongolia Grassland dormancy from 2004 to 2013 in the Inner Mongolia Grassland

2.4 HERFAEHE

2004—2013 4P fa) /L5t AR B T RS 8 e Ji A K R BE 43 SR (130£8) L (13517) d FI(154£17) d,
3 B X AR K T S R B, ) | LR o SR S B S A I B T 14,72 ,14.36 d/10a 110.90
d/10a( Bl 4) ) BRI B AR K TG RO 3R B 2 (P<0.018) |, e R JR A K g K a3 i/, RS
BF(P=0.240)
2.5 SARPE BT PSR T R DA A i 0 ) e
2.5.1 Sk shRHE YR T I AR

FE) IR T 5 HFT R B A G PR A R W] (3R 4) « o) 3 5 | SR 0 Jos R0 Y6 e A A0 R 5 309 4 52 L
1—3 > H A ] AR, B2 B ARG, Horp, B fa) B A )R 7 100 52 J0H1T 3 A H 1P 340 52
IR R R TS 10 FYHR T W7 1.123 d(R*=0.576,P=0.000) , Hit A1 B JFURIFE R A 40 75 11 45
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2 HAT 2 A A W R e L R TR 170 L e FEMEUR o TTOR  w JUNTE
1T SR BRI 1137 d(F =037, = 18] TR R AR
0.000) , e B FAT IR T WIHEAT 1.743 d(R*=0.274, 5 155
P=0.001), 2

3 K HSRE A B SRR E 1]
F 5% BRREBERGXER, £F<H T o]
(TR 1°C , S ECEE ) SRR B AT 1,065 d 130 |

2003
2006
2007
2008
2009 r
2010
2011
2012
2013

(R*=0.595,P=0.000) , 174 55 JFUAF 3% 75 A 4R AT 1.099
d(R*=0.385,P=0.000) , 35 5 J§ 1 4 3% 75 1 4 i ey Year

1.453 d(R*=0.212,P=0.004) . HFTURETE 1C, @y pessmEmamsKEKEELES(2004—2013)
SRR B F AR IR T WL ET 2.362 d(R*=0.528,P=  Fig.4 Interannual variations of growing season duration from
0.000) , HL760 5 JEAR 43R 75 W1 B BT 2.075 d(R?=0.351, 2004 to 2013 in the Inner Mongolia Grassland

P=0.000) , ¢ 1 5 J5UAE 4 3R 75 W R 2.902 d (R =

0.210,P=0.004) .

3 ZRE AR IR T W 5 R T TR K B AH DG A R (3R 4) AEY)IR T W5 BEOK S50 B AH DG M A 2
A2 YT T X4 ) SRR AL 2 T 5 X A R o T DR R T 40 R 5 A Z [ K B B I IE A OGO & i b
TR X AT R -5 4 B B B K A S AN .35 (P>0.137) . AN [E R R X AE YR 5 X 4 B
RaE A Sl 07 B AR A 1) 3 3, A BN S 2 A iy 7 AR ], 544 R BRI R IEM G R, WX R & 1l
1—3 4~ H SRR K B R A BT 22 501), AL 205 52 DX S 90 3 R R 7 Y o i 55 R /K DL B A 5ol &, Ak
T2 W DX ) i 2 B A G aX — 22 51 AT BB -5 A R X T A K RIS A G, WL BT R B, & R R
FKAFHENN 1 mm , S ) B AR T IHER 0.694d (R*=0.365,P=0.002) , ML %5 JEA 403 75 IR 0.245
d(R*=0.039,P=0.047) ,

R4 BEEREFAEYMESHESEEZERNEXRE(2004—2013)
Table 4 Relationships between the start of the growing season (SOS) and Climate Factors(2004—2013)

Ffi R H R R B N
A s B Meadow Steppe Typical Steppe Desert Steppe
Factor Time FHE R REE RERE MERH FEES PUERE MIEREL FEES PusE RE
r slope R? r slope R? r slope R?
-2l Ty -0.759 ** -0.123 0.576 -0.619** -0.138 0.384 -0.480 -0.609 0.231
Temperature Ty -0.741 " -0.119 0.549 -0.630 " -0.137 0.397 -0.523** -0.743 0.274
Ty -0.638 ** -0.061 0.407 -0.607 ** -0.190 0.368 -0.368 ** -0.638 0.135
Ty -0.590 ** -0.520 0.348 -0.452*" -0.261 0.204 -0.407 * -0.588 0.166
T, pring -0.726** -2.362 0.528 -0.592 ** -2.075 0.351 -0.458 ** -2.902 0.210
T sinter -0.771** -0.065 0.595 -0.620** -0.099 0.385 -0.461** -0.453 0.212
(3N Ry 0.359 — — -0.104 — — -0.184 — —
Precipitation Ry 0.069 — — -0.177 — — -0.249 — —
R, -0.066 — — -0.159 — — -0.263 — —
Ry 0.139 — — -0.003 — — -0.001 — —
R, v 0.244 — — 0.158 — — 0.176 — —
Riinter 0.604 ** 0.694 0.365 0.198 " 0.245 0.039 0.188 — —

# 3 P<0.05 # x ; P<O.01, R EIRINTATS 53K 3 M

2.5.2  SARBSIS A BRG] 0 R R
A5 DR ) B R U] 5 AT AR AR R SC A R A (36 5 ) - SR A I KR ) s A ) S5 i 1—2 S A A
HSORIIAAAE W3 ORI OCOC R . BURNAT 2 DA AT 1 S H MR ERETHE 1°C, B0l 81 550 ) s,
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W3 B HT 2.276 d(R*=0.057,P=0.010) .1.913 d(R*=0.056,P=0.009) F1 2.250 d(R*=0.066,P=0.007)
AL o) B R S e A0 A SO X6 % 9 B IR 8 Wi IO 5 L A B AN (] 2 5 DX e B A ) B A
B 17524 H MR ZEIRAAAE UM SC LIS, 5 HA A B Be SR 57 22 IEAH DG OG22 0 108 DX 1Y) ) B [ A )
HilARR T 5 X2 R IEA X LIAN 5 A B BRI B AR DCOC R | HA A 125 (P>0.240)

A 5 DX ) A B X 3 K g i 7 2 S AR IR d (3R 5) MR SR ) R B 5 G 1 S A R K Y
H BRI ZE (0 Rk 24 5t Wl 2 ) IE AR DG OC R L 32 2 H IR K e i i bl 2, B35 0 1 mm 7K, BHLTRD 0 [X AR
PR 2995 0.119 d(R*=0.058,P=0.005) , rifa) B i | i 85 o JEUAR ) A 1 5 45 Ao B I3 /K AH DG 38 I 25
(P>0.346) , {H 5 fa) R JSRE 400 B0k 1A 5 45 B B I3 /K 1) B2 TE A DG DG 3R T v 1 I B8ty T -5 4% e BB [ /K 38 2 7
MHRRR,

x5 BEEREMEMPSSKETFRIER(2004—2013)
Table 5 Relationships between the end of the growing season (EOS) and Climate Factors(2004—2013)

) 5 B S 5
FAISES it Bt Meadow Steppe Typical Steppe Desert Steppe

Factor Time P RER RERE LR R RERE MR RER P REL

r slope R? r slope R? r slope R?

SRR Ty -0.012 — — -0.238"* -2.276 0.057 0.176 — —

Temperature T -0.254 — — -0.236**  -0.913 0.056 0.239 — —

Ty -0.253 — — -0.014 — — -0.044 — —

T,, 0.156 - — -0.257**  -2.250 0.066 -0.011 — —

43/ R, 0.105 - — 0.119 - — -0.160 - —

Precipitation Ry, 0126 — — 0.220 * 0.079 0.048 -0.087 — —

R, 0.096 — — 0.240 ** 0.119 0.058 -0.159 — —

R, sonmer 0.113 — — 0.206 * 0.031 0.042 -0.193 - -

# P<0.05; = * P<0.01;FMPHIRNTR5 5% 3 MFH

3 iTtig

KSR A2 T bl Bk v i AR (0 4 o 07, 52 B0 AR Z i, B 418 sl A5 43R 11
G, NI FEEBHY KBRS | AR SCHIRFFE S R AR, 2004—2013 45 P 52l 32 28 5 JFR R X
TP AR R B 3R T IR B A IER | A K B K B ARAE , 5 R R R s i AR At — 3,

3.1 A[FE AR T AR A S s e

2004—2013 4F N5 3 A~ B JF AU )R T B R IN LT, 5 Ge ZFHIF meta 431058 & L
1980s—2000s H1[E 17 FhEARIYIR 5 W HHERT T (5.71+£7.90) d/10a BYS5IE A —3 " 53T NDVI
Bt Y P O TR R A g AR AR A — 2 R S Hou 267 B Gong 451 3£ T NDVI
BAEXT 2001—2010 4FEF1 2002—2014 45 H b 77 i 1 5 X A8 Ak b 3 B i 92— 21, Hou 45 & 9 v [ 2 A~
J6 7 BFGR B WIHERT T 3.10 d/10a'™, Gong %5 & B 52 1t w0 JFGR F IR AT T 5.79 d/10a, 54 3 A HEFIX
R HIHERT T 1.32—4.01 d/10a [BF5E 45 R AT )

AW S B, AN TR) B S XA 3R 7 300 5 A0 45 B BE A TR A B A SO O R TR R | IR 7 S0
S ARS8 ST I BRI B IEM SR AM R B (P>0.137) (% 4),
X455 Piao Z57E [ AR BRI FE S50 A —20 " L FEIRIE X, KO3 A A K BRI I 7, AR
XA R B AURK, B K SN 2 R e R 3 AN R, ORI, R A R T AT R, R
e, 7% % RN 2 s A A B, FE — 2 RO IR BE SRR, WK B4 i, BE 3 in A 4 mT R R K 43, A R T R 0 B AR
TR RIS 3 AR KGR T 4% B BER K AR BN H (P>0.101) , H /K 53R E SLIEAHSE,
AR RE (P>0.137) , FEAK I 52 M LT T 208 AN T, 3 3R W I 32 A7 R 2 52 v 0 Ji AT 000 75 119 32 <M

http ; //www.ecologica.cn



B
i

7698 2 SO Eire 36 &

T,

3 H A Ry R RS MR A A R AR T P R % AR S & B, 2004—2013 4F N 52 3 ALK
IR T HASAIHE AT, (H R 75 A A4 B i SRS 2 B 34 (P>0.051) , RILH A B P JE 455K . Gong 57
FH 2002—2014 4F- NDVI 4 5347 P9 5 vt 50 JiE DX e 40 5 000 sl A A 25 L R [ D 7 285 SRS O i e JE D PR T g
e TR TR

it R — G AR LI AR SO — 20 43 o HEEE m ANEE A RSHE
Br 3 AR X H #E e At 0°C F 10°C#) H 13 3l I R ELR e R - - R
K IR :2004—2013 4F 3 /> H AR B ET H ¥R AR
FE I 10°C 1 H Bk F ) S BE AR AR A ) At 15 >
L X AT T A R B MR R P 2,23 d/10a(P=
0.793) , Fe B R 4% AT 3.71 d/10a(P=0.687) (% 3) . 0 , , , ) , ,
EI ﬂj{ﬁﬁ%ﬁgﬁﬂ 10°C ﬂ%%gﬂ*ﬁ%%ﬁﬁiﬁ , 10°C 2002 2004 2006 2008 2010 2012 2014
L T HFEE A FHCH R A R R A e
YR IERTATRES 10°C P HEEATA ¢, (HREJEXAEY) Bs BIHSREREET 0°CH 10°CH B ARKEEREL
WHTE 10CH HRTHRA FEZ4IRT, IR S5 554 Fie.5 Interannual variations of beginning day of Growing
%ﬁ‘ﬁﬁﬁiﬁfﬂ%ﬁﬁ%‘ﬂ . *Hﬁ 0°C HTJ‘ iﬁ%ﬁéﬁ@(}ﬁ , z Season stably above 0°C and 10°Cduring 2004 and 2013
AR AR B A MRS S i A 0°C I EI T B4 1 &, B i
10°C B TE AR K220 R0 35 1058 e A2 2 il 0°C ) H 5% 5 i 10°C %) H 2 6], 2004—2013 4F 5 i)
B AR R SR A AR E S e H IR 0°C RN 10°C AT R H B 2 80 R 4 e a3 (P>0.369) , 4 4 T
2.52.9.57.13.47 d/10a( &l 5) ;0°C A1 10°C [M] Ay ¥ 2 LT (P>0.345) KR TR T 1.48 .1.45°C/10a Fil
0.08°C/10a, iX W] fig 2 2 N 5é h H R XA PR 15 B A RN K2 —

AT g B R SR IR ST 3R T EE R KRS AR R Y, A ) B R AR 0 S50 3 S H R
YA S d 0 5 T 7 LR e SRR SR B S A AR T A S AT 2 A B AR e R B X 5 A R R AR X
PR B SAR IR TR A O o 3 A i XA ) 3R 75 00T Bk 7K I8 20 7y 7 R SR WA A T) 1) (AT SR R K A8 Al 34
W REFEK 5IR T A A B (P>0.137) , R IREEAIR 2 HI 2 521 25 FR XA YR 5 1) £ 5 1 F
3.2 NSE AN [ R S 2 AR XA I AR b R BRI B L e R

2004—2013 4E M52 3 /> T BERL G AL X (AR ) B0 I R HE J5 a5 S IHES T 9.58—12.68 d/
10a, 45 Liu Z53EF NDVI EEXT 1982—2011 4F P52 i R X EOS AL FAFA B 58 AR — 30 | Lin 2058 &
B, 1982—2011 4E N 22 B EOS $475 T (0.02+0.01) d/a, [AAS LA HAR B8040 AR SCIFSE 45 R 5 Ge 25
FIH meta 73 5T & B 1980s—2000s H1IE 17 FpE AT Y @A AHER 1 (2.50+13.41) d/10a E5I8HEA —
' 5 Hou % Gong 2 35T NDVI K 43 4 Hp R b D i v S X B0 3009 I a3 — 38 (HAE R KT
X FHAMIFFE (1.30—6.67) d/10a 2 (F 1),

SR T IR L, SEAR I 00— N o O S A A A B R AR RIS B BRI T R RS SR A )
SeAVEBEAIGE | BRI SR R A A0 e B ) SE SRR BB A, . S — T I, B BT T RS 4R
W15 H A B K ORI A H B s D X A AR TS 3, 3 A I A I S, (R B B 9T 1
FRR AN, AT TN R B Bk 2 0 T s BE A A 0 ) A, =5 A W 1 R IR — R DR A R B T g il
FARNE IR, S BOEY) 7K 5375 BRI BRI EE T ; 2 AR e R AR 1 310 0 2 — 7 I B, i A0
AR T el A AR I T A RS P ¢ i A B T BT R, DT S O A B BRI AE R R
2004—2013 AF B[], BRI E i LA, Al 9 A D S8 TR A By o8 1 2 5 A% e BRI B TR O, HL MR
FEYIEAG I S ET 2 H AR A1 A YR E BRI CHR B B E MK, 5 Lin 3T NDVI B
Mr & B 1982—2011 4FE P 52y H R EOS ST AR 2 IEASE R ST a5ie A — 3k, SRk 0 i g 453

~
(=}

w
(=)
T

1] B % 3¢ Duration
3
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Tl SO EICHE A SR 4510 — 3, B BRI B T, ST B I AR

FETE A A K BT T AR TR T, Bk I A ] R K 036 2 S ae KR A K, DD HOR AR
TEHIX R K 5 R 5 2 A A A RO B 06 80 2 2K 40 A AR 0 PE T B RV | B2 AT AE 0 A
£ AR SCIIFGR B 2004—2013 AR i) BRTEIES BRI LA A, JHAth 9 A I AU ) AT 0T 4 5 4% B B
IKEIEAME K FR , Horp | SRR R SRS 0T S A0 1 A 09 R K 24 A Bk R 25 (5K (1M 56 38 31 i 2
PR, 5 Lin Z536F NDVIBIREHF7E & BN 520 5 R EOS 5 # AN Al M /K 2 IE A IO Ie 4518 — 30 | 1
TNBEIK , RENSLE /K 4 Wil | IEKARD I A= K 2

2004—2013 4 Fi ) | B I (A U8 B0 e B, A0 HEOR T A% B BE AR 8 S RRAE 2 AR K B <
TR R R 32 (£ 3) 0 3 AN FR XA Y S AT 26 H YRR e Ml 10C 4 H LUE , BARE M BT RA BT
FEAK (HI AR T 10°C (A FJR . 11.9—19.7°C ; BUBI RO, 12.8—20.4°C ) , AN B D= ARV 3, 3 WiAd ) v
MEIREEET . FR T DU | BEORG  25 Bo BE IR B B AR AN  AEAN S M A ) A A R K AN A8 B8 K 38 i 2% 4
T, R R AR T AR A AR T fS . F TR AR SO R RO 45 B BRI SRR IE £ L
Rk /D R EE TR O (3R 3) , M BEE A ) B A S50 1—2 H P RIR 2 IEMCCR, 5K E
TAASCICR (HIPR R (P>0.240) , F W T 5200 3ic 15 1L S A A A AL LU AR R 2% , A RRR AR

3.3 S AR R ISR X A K F K R AR A i 34

2004—2013 4F P 5t B AR KRR IR IR A 3 25 R X A K P4 IE K T 10.90—14.72d, K W]
I LA N 58 iy R A B AR K BB R HE 2R | 5 Zeng 55 ¢ F L2 K 2000—2010 4F A K FEIEK T 6.3
d, BRI KRR AE KBIERK T 6.2 d,JbEAERKEBIERK T 13.7 d L5 RIEA - (EARKE, FiRFEEINNE
FMIRE K F 2 TR T AT, AR SOOI & 30 9 552 oty e D A 1 R A 3 2 ol 1 RS 0 A 9 3
ARSI FE 25 SRR 2 5 35T NDVI BRI & BN 5811 B 2002—2014 AR ERTEIHES 5.07 d, B K ZEK
10.86 d HIZ5IE R E—5>7 |

PGP A A o A7 A R i g — N U e R, 4k A A A T R S 8 A e AR Ak ) K S 4, i e 1]
P A 0 T REXT AR AL AR A S I AR 8 3 RS ) A A D 3, A S B AR AL R BN R NS5
WHRR XL 10 4ER S HR I A B E (WA FRAR) B E shE hnal , S5 28504% 75 5 IX Y i sh AR K ax Al
RES B Y WA AR BB AN A 1, DR G A AT 9 32 1 S s S0 140 32 2 O

4 i

(1)2004—2013 4F: PN 5 iy F2 5 XA A1 34 00 S Bl 38 B AR 2, B AIR I B2 0.103—0.153°C /a5 4F
K I SR R 3.801—15.075 mm/a, B 7Y B i 55 570 V505 i 48 T 44 Bl 25 ) ) R R AR b e 4
AN, G 10 Ak 3R T IR A T A B B i) S SRR LR R A% 3R T AT LUK | B KBS iy
L BRSO A | O R DL AORL AR R K B I Al T S R AR AR S, AR AN
ITE

(2) 2004—2013 4 WAL R U 0 75 017 242801 4.01 d, BEAhHESS 10.35 d, AR K ZRAEK 14.36 d; Ff) 5L
JFUR T HAHE AT 2.04 d, BANIAHES 12.68 d, /B KZBIEK 14.72 d; el B s 28 Ak e # /)N | 3R 75 JF X3 i
T 1.32 d, EASWPEAHES T 9.58 d, AR KZFBEK T 10.90 d, AS[EHFEZRI Y s S IR —5, B, 4%
B XA R T AR A S5 LA R HAF AR S i 10°CH) H R i@ 4t 0°C A 10°C iy [a] f H
e 0°C N 10°C [A] P-4 R ) A2 A A — 3

(3) NS R SR XA 3R 7 1 32 A7 i A 0T 0 2 s g e ) R SR 75 B S50 3 4 3R Y A
K 2 SR ETHE 1°C 3R WIZ948RT 1.123 d; MR S B B Rk 35 30 S T 2 S H PSR a7
K BT 190, B FWZHEHT 1.137 d 1 1.743 d,

(4) LAY XA EE AR I SZ A 1—2 H AR M R K LR, Sar 1 A T2 A ME R
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L OG5 R P U O DGR O B3, G T 1°C, BRI 204 T 2.250 d; ST 1 A 5 A A
R 7 2R K 5 W IR, 5 2 H KB A IE AR SC IR o 835 BN 1 mm FEOK SRS Z93E)S 0.119
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£ 3L R ( References)

1 AT, SEGHE. St Juat BlEEiRat, 1973 1-31
[ 2] Schwartz M D. Phenology: An Integrative Environmental Science. Dordrecht: Kluwer Academic Publishers, 2003 ; 1-564.
1 BEahE, WRKE, Bz, Ykt Ko b E B i Pk T EBEBEBE T, 2010, 25(3) : 310-316.
] Root T L, Price ] T, Hall K R, Schneider S H, Rosenzweig C, Pounds J A. Fingerprints of global warming on wild animals and plants. Nature,

2003, 421(6918) : 57-60.

[ 5] Linderholm H W. Growing season changes in the last century. Agricultural and Forest Meteorology, 2006, 137(1/2): 1-14

[ 6] ZengH Q, Jia G S, Epstein H. Recent changes in phenology over the northern high latitudes detected from multi-satellite data. Environmental
Research Letters, 2011, 6(4) : 045508.

[ 7] JeongSJ, HoCH, Gim HJ, Brown M E. Phenology shifts at start vs. end of growing season in temperate vegetation over the Northern Hemisphere
for the period 1982—2008. Global Change Biology, 2011, 17(7) : 2385-2399.

[ 8] Cleland E E, Chuine I, Menzel A, Mooney H A, Schwartz M D. Shifting plant phenology in response to global change. Trends in Ecology &
Evolution, 2007, 22(7) : 357-365.

[9] PiaoSL, Cui M D, Chen A P, Wang X H, Ciais P, Liu J, Tang Y H. Altitude and temperature dependence of change in the spring vegetation
green-up date from 1982 to 2006 in the Qinghai-Xizang Plateau. Agricultural and Forest Meteorology, 2011, 151(12) : 1599-1608.

[10] Zhao JJ, Zhang HY, Zhang Z X, Guo X Y, Li X D, Chen C. Spatial and temporal changes in vegetation phenology at middle and high latitudes of
the Northern Hemisphere over the past three decades. Remote Sensing, 2015, 7(8) : 10973-10995.

[11] Wang X H, Piao S L, Xu X T, Ciais P, MacBean N, Myneni R B, Li L. Has the advancing onset of spring vegetation green-up slowed down or
changed abruptly over the last three decades?. Global Ecology and Biogeography, 2015, 24(6) : 621-631.

[12] Cong N, Wang T, Nan HJ, Ma Y C, Wang X H, Myneni R B, Piao S L. Changes in satellite-derived spring vegetation green-up date and its
linkage to climate in China from 1982 to 2010 a multimethod analysis. Global Change Biology, 2013, 19(3) : 881-891.

[13] Yang YT, Guan HD, Shen M G, Liang W, Jiang L. Changes in autumn vegetation dormancy onset date and the climate controls across temperate
ecosystems in China from 1982 to 2010. Global Change Biology, 2015, 21(2) : 652-665.

[14] Piao S L, Mohammat A, Fang J Y, Cai Q, Feng J] M. NDVI-based increase in growth of temperate grasslands and its responses to climate changes
in China. Global Environmental Change, 2006, 16(4) : 340-348.

[15] JinZ N, Zhuang Q L, He J S, Luo T X, Shi Y. Phenology shift from 1989 to 2008 on the Tibetan Plateau: an analysis with a process-based soil
physical model and remote sensing data. Climatic Change, 2013, 119(2) : 435-449.

[16] YuH Y, Eike L, Xu J C. Winter and spring warming result in delayed spring phenology on the Tibetan Plateau. Proceedings of the National
Academy of Sciences of the United States of America, 2010, 107(51) ; 22151-22156.

[17] Shen M G, Tang Y H, Chen J, Zhu X L, Zheng Y H. Influences of temperature and precipitation before the growing season on spring phenology in
grasslands of the central and eastern Qinghai-Tibetan Plateau. Agricultural and Forest Meteorology, 2011, 151(12): 1711-1722.

[18] Zhang G L, Zhang Y J, Dong J] W, Xiao X M. Green-up dates in the Tibetan Plateau have continuously advanced from 1982 to 2011. Proceedings
of the National Academy of Sciences of the United States of America, 2013, 110(11) : 4309-4314.

[19] Piao SL, FangJY, Zhou L M, Ciais P, Zhu B. Variations in satellite-derived phenology in China’s temperate vegetation. Global Change Biology,
2006, 12(4) : 672-685.

[20] 7, #WeSE, RTALE. T NOAA/AVHRR NDVI i v FE -6 J7 R f J5 i A 1 22 R A, A AR A5 #4%, 2006, 30(3) : 365-374.

[21] @3, Ay B A7 R SRR G X AR AL BRI R [ D] 20 229N K2, 2012.

[22] Hou X H, Gao S, Niu Z, Xu Z G. Extracting grassland vegetation phenology in North China based on cumulative SPOT-VEGETATION NDVI data.
International Journal of Remote Sensing, 2014, 35(9) : 3316-3330.

[23] Gong Z, Kawamura K, Ishikawa N, Goto M, Wulan T, Alateng D, Yin T, Ito Y. MODIS normalized difference vegetation index (NDVI) and
vegetation phenology dynamics in the Inner Mongolia grassland. Solid Earth, 2015, 6(4) . 1185-1194.

[24] kIid, M, S, IR4RE. 1960 4F—2010 4F M Sl RERM X AE R A 0. BEUR:, 2011, 33(12) : 2323-2332.

[25] SBRWE, RAPE, BATE, REE, 5KIEW. JE 50a WEH AR X AR F A, R, 2014, 37(3) : 532-538.

http ; //www.ecologica.cn



23 4] HEWE A NS R IR Mg A Sl O 7701

[26]
[27]
[28]
[29]
[30]
[31]

[32]
[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[48]

[49]

[50]

BRaioR , 4. WSl R iR S R W T HSC R, A2, 2009, 29(10) : 5280-5290.

BHET, SR NSRRI A KRN TR IR, AR AEAGE, 2013, 32(4) : 987-992.

BERT, JATTRE, EERE, S R BREPEX SR TR, AR, 2006, 25(3) : 277-280.

s, JATTIE, ETRE. NSl T R RER Y RS R TR ARSI, 2008, 32(6) ¢ 1312-1322.

FET, WE, AR R RS T IR RO A KR AR, AR, 2013, 33(13) ; 4146-4155.

Yuan W P, Zhou G S, Wang Y H, Han X, Wang Y S. Simulating phenological characteristics of two dominant grass species in a semi-arid steppe
ecosystem. Ecological Research, 2007, 22(5) : 784-791.

JBEIR, A, B, FEe, WEE, ik SRR NS RSB Y R R, RS, 2012, 32(3) @ 767-776.
Han F, Zhang Q, Buyantuev A, NiuJ M, Liu P T, Li X H, Kang S, Zhang J, Chang C M, Li Y P. Effects of climate change on phenology and
primary productivity in the desert steppe of Inner Mongolia. Journal of Arid Land, 2015, 7(2): 251-263.

Zhang X Y, Friedl M A, Schaaf C B, Strahler A H. Climate controls on vegetation phenological patterns in northern mid-and high latitudes inferred
from MODIS data. Global Change Biology, 2004, 10(7) : 1133-1145.

Ge Q S, Wang H J, Rutishauser T, Dai J H. Phenological response to climate change in China: a meta-analysis. Global Change Biology, 2015, 21
(1):265-274.

Wang C, Cao RY, Chen J, Rao Y H, Tang Y H. Temperature sensitivity of spring vegetation phenology correlates to within-spring warming speed
over the Northern Hemisphere. Ecological Indicators, 2015, 50; 62-68.

Chen X Q, Li J, Xu L, Liu L, Ding D. Modeling greenup date of dominant grass species in the Inner Mongolian Grassland using air temperature
and precipitation data. International Journal of Biometeorology, 2014, 58(4) ; 463-471.

Fu Y H, Piao S L, Zhao H F, Jeong S J, Wang X H, Vitasse Y, Ciais P, Janssens I A. Unexpected role of winter precipitation in determining heat
requirement for spring vegetation green-up at northern middle and high latitudes. Global Change Biology, 2014, 20( 12) . 3743-3755.

Shen M G, Piao S L, Cong N, Zhang G X, Jassens I A. Precipitation impacts on vegetation spring phenology on the Tibetan Plateau. Global
Change Biology, 2015, 21(10) : 3647-3656.

Shen M G, Zhang G X, Cong N, Wang S P, Kong W D, Piao S L. Increasing altitudinal gradient of spring vegetation phenology during the last
decade on the Qinghai-Tibetan Plateau. Agricultural and Forest Meteorology, 2014, 189-190: 71-80.

Shinoda M, Tto S, Nachinshonhor G U, Erdenetsetseg D. Phenology of mongolian grasslands and moisture conditions. Journal of the Meteorological
Society of Japan, 2007, 85(3) : 359-367.

Liu H, Tian F Q, Hu H C, Hu H P, Sivapalan M. Soil moisture controls on patterns of grass green-up in Inner Mongolia: an index based approach.
Hydrology and Earth System Sciences, 2012, 9(10) : 11641-11675.

ThEREEBEN ST T LR AN WS HTR. LAt BRI, 1985: 4-9, 428-428.

SRR, XIFE. hEY MmN, et BleEdi L, 1979 47-56.

FEIR G, R GMMAE. Jba. KGEt, 1993; 172-174.

Liu Q, FuY H, Zeng Z Z, Huang M T, Li X R, Piao S L. Temperature, precipitation, and insolation effects on autumn vegetation phenology in
temperate China. Global Change Biology, 2016, 22(2) : 644-655.

Shi C G, Sun G, Zhang H X, Xiao B X, Ze B, Zhang N N, Wu N. Effects of warming on chlorophyll degradation and carbohydrate accumulation of
Alpine herbaceous species during plant senescence on the Tibetan Plateau. PLoS One, 2014, 9(9) : e107874.

Fracheboud Y, Luquez V, Bjorkén L, Sjédin A, Tuominen H, Jansson S. The control of autumn senescence in European aspen. Plant Physiology,
2009, 149(4) . 1982-1991.

Hartmann D L, Klein T A M G, Rusicucei M, Alexander L V, Broenniman B, Charabi Y, Dentener F J, Dlugokencky E J, Easterling D R,
Kaplan A, Soden B J, Thorne P W, Wild M, Zhai P M, Kent E. Observations: atmosphere and surface//Stocker T F, Qin D, Plattner G K,
Tignor M, Allen S K, Boschung J, Nauels A, Xia Y, Bex V, Midgley P M, eds. Climate Change 2013 The Physical Science Basis. Contribution
of Working Group I to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge, UK, New York, NY, USA:
Cambridge University Press, 2013; 159-254.

Dreesen F E, De Boeck H J, Janssens I A, Nijs I. Do successive climate extremes weaken the resistance of plant communities? An experimental

study using plant assemblages. Biogeosciences, 2014, 11(1) . 109-121.

http ; //www.ecologica.cn



