ISSN 1000-0933
CN 11-2031/Q

*@ﬁ%ﬁiﬁ‘-}ﬂ(ﬁﬁﬁ*rb 3
R G H AR



% t 7 %R

" (SHENGTAI XUEBAO)
RS A F32E F4H 201228 (#AT)
E R

B B i AR KA RGN A A ] v everererererenne e Lkg thBMALE % (1007)
EF ArcView-WOE 89 FiZ i T B TR AR B GAE SRR coevrrrrrerrrnnnn, IAEH E (1016)
AR A E G RE-FH AT RGBT ADEIE e # B, EAEN, L XEF, % (1028)
KBRS B T E Rt B A A FAEIL e eevrererrneereean, BREA LHE KEN,E (1037)
A R S AL B 1% AT It AR T AL o B oo R4 it M pf FIFAL, % (1045)
AR o B S AR KA AE R L S AR T AL e AR A, X (1056)
FRENFBEEHBRBERSKIL T B LG E Z e, HRE, i%ﬂﬂb JUUE;F & (1066)
ol ”«/’i&#’%%#%i«kﬁm@x%éﬁuﬁﬂ .............................. WHER REA BEE ,% (1077)
LEABATESH EBHR — R E S F LR A IR e L mf’\%ﬁ o3 ﬁf( & (1085)
z‘%%“}’%‘ﬁiﬁj&i?’-%?@bbfhﬁ%h\jﬁiﬁ7J<[’f] L E N SO E]$%ﬁ ,%UE%‘L (1097)
A B s An K A5 Sk B G FPEIR coeeeee e BRI, T, EER,E (1105)
BB TS P B A g A P 35 G AR e & # FIL#E (1115)
ALAE A MBIt 3 R R A ) 35 G A Sy e e, #oOA R X,%i??ﬁ,% (1124)
RE B TRIB I LR ERA ARG X E ﬂiiﬂfﬁj *, é{: (1133)
;,%%\)’;&k,};i@*\ﬂ; BT B B A A TR B AL T o veeeeeensenseneenn VB E R, ﬁMEZL % (1142)
AL by B Ay A B R 5 IRE A £ & — T TR B SR AT K B vt

............................................................................................. HET E W,ZEEE (1151)
AT 6 RS SR A E A A A P P e AR, EH R, AR % (1163)
FEHATHEIZHRAF S L RFIBAAFE e qﬁ_.&% %%-““”‘ = (1174)
ot 42 B B6 A A TR LB A TR R A Yoy oo Mo, X, EER, % (1185)
P H A R R BB TEIE A A B e eeerrerreeee et HEE &, %%’271‘}_ 4 (1193)
LR MHER LIS E R R L SR T ARILIFEGGE Lcerrrnenns %##@,E/} M. b L% (1202)
£ Z R KA R AR S K b R 3 @ b A G K R S A R e WEF Y L EEEE (1211)
*Aﬁ%ﬁl*%ﬁmi%ﬁ%&gf@%% ....................................... %%&,E%% Eﬁ% % (1220)
NN i}& P 2% 3’3i{‘/ﬂl\/ﬁg§éﬁ§$l ...................................................... F ﬁﬂg,%%ﬁ,[&iﬁ{tf‘%,% (1230)
BRAAAREFRGLIERI A PILIER B T AT R LE s iz =Z 5&%’%’3 INE L E (1241)
HHEDLEGFFEET T LA EIRAFRENE e ¥ F Qg%%{ %Lé”x (1249)
FlAL G AR AP 4 A 8 KR IR N RS AR A By oo

....................................................................................... MRk, AZE EERN,E (1257)
ATARREITH AT ERR TR A BRI e FXE, I ALRBER,F (1264)
R AT G Cozkzéﬁi?’%ﬂi ............................................. ﬁ\%fﬁi,iﬁ?ﬁi, a—]m;ﬁj’% (1273)
TG WM T KB AGEIS T VARG IR ] oevnrenrennennrennennns 2ol AE X T (1283)
TR 5LRIR
/Ei‘@ﬁ’f&ﬁf‘%ﬁ% ..................................................................... ﬁ%j{jﬁy 7[:%71( 71% 7‘% é;ji‘f (1293)
GNRERERZGIIEAFRRIRTE coeererrerrerrrn /A~ %73‘(4: T £ (1308)
I i
Fo33 5 Deinococcus radiodurans %9 % ERPE ~vvevereiinii B A, &, ERA (1318)
B S LU L R O YL L A, N EE A (1327)
HFRER
Z]E;%J_,jﬂi,%}}\]zéﬁ& 5%%4;_ ...................................................... ;(]J_%X Fif/f'_ﬂ_ 7@23& % (1337)
I 2 0 )L B A AR IR A M B B TR T s e ererenen e W AL B TFAR, RERdZ (1347)

HAFIEARSHECN 11-2031/Q * 1981 * m * 16 * 348 # zh * P * ¥70.00 * 1510 * 36 * 2012-02

ECEEECEECEECECEECEECEECEEEE

HEE R BIER OR—s R A Btk 2 0 ” (JLFR ?FZI‘%&&BLE’J%?B%%,EM%%)O 1931 4 iy Hit 3l 1) 7 K e A
PESCICRAE P EAT AR B ThrA, 1987 4F, HE Y S22 AL SR 20000 Bk i RAS T —Xhs B i hR4s , 1990
SERHEZZE, KT 045 FRERSERFEE, IERNEER T, RALRIK 90% LU 1S # 2y 2P 4 s
AREEE NI oK) -20ms R, B ——E K — R E SR CITES Bt —#fh,

HERM, BAFHEAIE EEM)R  E-mail: cites. chenjw@ 163. com



532 B 4 7+ &~ £ Eiid Vol.32,No. 4
2012 4E2 A ACTA ECOLOGICA SINICA Feb. ,2012

DOI: 10. 5846/stxb201101050014
KB, WA, PIRET, X, BharRl. st = R AE A X P A8 Ak B O S A AR A i 7 . A2 52442 ,2012,32(4) :1045-1055.

Song C Q, You S C, Ke L H, Liu G H, Zhong X K. Phenological variation of typical vegetation types in northern Tibet and its response to climate changes.
Acta Ecologica Sinica,2012,32(4) :1045-1055.

it RARERFEEDERELRE
Xf S A 32 AL 7Y Bl [

RAEM DY B A EaL?, N E, A2
(1. P EFEEMERR A SRR T, RRSHREGERRFEFE SR E, L 100101
2. PEBEBEAFR AR, LAt 1000493, FELOEENHEBEA L IR EE 5 TR & RIFSE AT, 100081 5
4. FHErhoCKRE: k)

FEE MW P50 A s b A 785 2R G X S AR AR L g i g R AR B SR B4 R, B AR X Sk Bk A BB S o A F . FE TR
XTFR R HTELA TR EE T 2001—2010 4 MODIS EVI B8] 7 515245, 1| 2h 75 B (i 1 4 UL = R 4 35 2001—2010 R4
ARSI S AR, BEURFIT X P 4R i FETE DA B ) | o 0 o FE ) S VS e FE LR R JE TR 4 P LR R W A IRAS A I
1 4 ARG G SR TORL, A AT A RE B P AEE 10a X SCER S I F IR N AFAE . BFIT 45 SRR I . (1) 4 FhAS 6] S 280 bl 1Y)
PIHGERRE (EVL,, PR 3R 75 B AE 5 R A 1 2K B 4 ) 23 B0 o 28T A ) — 3 FE R ) — 1o 8 R i — 1 JE T B R S A A U
(2) AR 10a AR FHSOR & E B A& AR TSIRYE BT R % FHEIR B 0. 8—3.9°C/10a, B 7K 5
DA 2 HE X KBS LR w38 R P R F AR AT (7. 2—15.5d/10a) K FHEK (8. 4—19.2d/10a) AU HS, T4
B B R AR BRI @ SRS ; (3) RIZEMEMRE M) EVI,, 22 MK TSRS, HLRE K 04 52 i B BE R 500 % e 98
FAFERE TS 5 2SR TR K G 55K B B2 i 5 11 e 78 L S50 ) FE S P o i 2 B 7 | B P 3 SRR K R 5 (4) &
FEVE D\ (132 T B R) A2 A — AR R R R K SIS e, A OC R BGR-0. 579 ; 1N R FE i) | e JE B R M i S B R R R B2 R
Z SRR R FE TR R AR S N W B (r=-0.559) .

KER WAk AR SEAR L ; MODIS; R ; A K

Phenological variation of typical vegetation types in northern Tibet and its

response to climate changes
SONG Chungiao' > *, YOU Songcai’* , KE Linghong" *, LIU Gaohuan', ZHONG Xinke' *

1 Institute of Geographic Sciences and Natural Resources Research, State Key Lab of Resources and Environmental Information System, Chinese Academy of
Sciences, Betjing, 100101, China

2 Graduate University of Chinese Academy of Sciences, Beijing 100049, China

3 Institute of Environment and Sustainable Development in Agriculture; Chinese Academy of Agricultural Sciences, Beijing 100081, China

4 Chinese University of Hong Kong, Hong Kong

Abstract: Vegetation phenology is closely related to seasonal dynamics of the lower atmosphere and, therefore, is thus
considered as an important indicator that influences the feedback mechanisms of global climate variation to the terrestrial
ecosystem. Detecting vegetation phenological metrics using time series remote sensing dataset at the regional or global scale
has become an active research topic in geography and ecology. This paper presents a dynamic thresholding method to extract

the vegetation phenological metrics ( greenup date, growing season length, maximum EVI and wilting date) of typical
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grassland, including alpine shrub meadow in the eastern region, alpine meadow in the central region, alpine steppe and
alpine desert steppe in the western region of northern Tibetan Plateau, using a time-series TERRA/MODIS EVI dataset from
2001 to 2010 which was reconstructed using the asymmetric Guassian function fitting method. Furthermore, the relationship
between inter-annual variation of phenological metrics and climatic factors was analyzed based on the measured data of
weather stations close to the sampling areas, the results showed that; (1) The ordinal relationship of these typical
vegetation samples in phenological metrics was in the sequence of alpine shrub meadow, alpine meadow, alpine steppe, and
alpine desert steppe (for greenup date and the wilting date, the sequence respectively referred to be earlier and later). (2)
The annual, spring, summer and winter average temperature of northern Tibetan Plateau all showed significant ascending
trend, the increased rate was between 0. 8°C/10a and 3. 9°C/10a. While the decreased trend of precipitation was not
apparent. Due to the warming and drier climate, the greenup date of four types of typical vegetation was advanced
(‘approximately 7.2—15.5d/10a earlier) and the growing season length became longer (approximately 8.4—19.2d/10a) ,
whereas the wilting date of four types of vegetation cover did not show apparent advanced or lingering trend; (3) The
maximum EVI of different typical vegetation cover types was affected by different climatic factors. As follows, alpine shrub
meadow was mainly affected by spring average temperature and spring precipitation, and precipitation had more important
influence on phenological variation than temperature; Alpine meadow was affected by both spring and summer average
temperature and precipitation; Alpine steppe and alpine desert steppe were primarily influenced by summer average
temperature and precipitation, while for alpine steppe vegetation the inhibition of summer average temperature was more
intense than the promotion effect of summer precipitation, among four types of vegetation cover, alpine desert steppe had the
closest relationship with summer precipitation ( the correlation coefficient, —0.752); (4) As for greenup date, alpine
shrub meadow was mainly affected by autumn precipitation of the previous year, the correlation coefficient was closed to
-0.579; however, other three types of vegetation cover were mainly influenced by spring average temperature, and the
character was the most obvious for desert steppe (the correlation coefficient, —0.559). That was due to that high
temperature in spring expedited snow melting and tundra soil thawing which are indispensable for vegetation greenup,
especially for high-altitude regions in northern and western Tibet. In addition, the autumn precipitation and winter average

temperature in the previous year also had some impact on the vegetation greenup of alpine steppe and alpine desert steppe.

Key Words: phenological variation; northern Tibetan Plateau; climate changes; MODIS; greenup date; growing season
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Fig.1 Geographic location and topography of study area
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Table 1 Details about typical vegetation sampling area in northern Tibetan Plateau
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Table 2 Inter-annual change trends of mean annual and seasonal air temperature and precipitation at each climate stations corresponding to

each type of vegetation cover

Z B Sog FBHH Nagqu B X, Bangoin SO Gerze

Bzt Name AR, AR, ARk, fRbk )

Slope R Slope k Slope R Slope R
TR 24 All-year 0.143 0.552 0.119 0.505 0.135 0.505 0.190 0.563
Mean temperature 47 Spring 0.206 0. 504 0.223 0.614 0.199 0.410 0.162 0.330
H 7 Summer 0. 150 0.304 0.159 0.337 0.152 0.411 0.077 0.153
*Z Autumn 0.023 0.007  -0.020 0.006 0.055 0.034 0.097 0.245
K7 Winter 0. 146 0.231 0.144 0.239 0.152 0.183 0.394 0.584
Rk it B4R -3.614 0.015 -14.38 0.228 4.095 0.027  -3.509 0.069
Precipitation HZE -3.692 0.169  -1.527 0.062 1.055 0.026 0.839 0.049
HE -0.021 0.000  -8.088 0.108  -0.198 0.000  -0.933 0.006
€= -1.352 0.018  —1.040 0.009  -1.315 0.030 -1.218 0.022
£ -1.253 0.206  -1.402 0.473  -0.539 0.214  -0.521 0.471
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Fig. 3 Inter-annual variation and characters of EVI  of different vegetation cover types
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Fig. 4 Inter-annual variation and characters of phenological greenup of different vegetation cover types
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Fig. 5 Inter-annual variation and characters of phenological wilting date of different vegetation cover types
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Fig. 6 Inter-annual variation and characters of growing season length of different vegetation cover types
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Table 3  Correlation coefficient between maximum EVI of growing season and air temperature and precipitation in different vegetation

cover types

HERKZFER A EVL (EVL,, )

AEER TR FEHE AR R B e FERLA AR e FERL PR o FE T VB - )
Climatic factors Apline shrub Apline meadow- Apline steppe- Apline desert steppe-
meadow-Sog Nagqu Bangoin Gérzé
SEIR Yearly average T 0.0045 -0.4457 -0.6995 -0.4862
AEREIK Yearly P 0.4783 0.2146 0.4956 0.5405
HZIIR Spring average T -0.6661 -0.4541 0.0408 0.2607
F 2K Spring P 0.6868 0.4593 0.308 0.4008
H 2R Summer average T -0.2916 -0.544 -0.7523 -0.5901
K 2K Summer P 0.3407 0.3709 0.4429 0.5624
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Table 4 Correlation coefficient between start date of growing season and air temperature and precipitation in different vegetation cover types
T35 R T Vegetation Greenup Date
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