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Phenological variation of alpine grasses ( Gramineae) in the northeastern

Qinghai-Tibetan Plateau, China during the last 20 years
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Abstract: The Qinghai-Tibet Plateau ( QTP ) is usually regarded as an ideal place to study the response of natural
ecosystems to climate change because this mountainous region supports one of the most fragile environments within the global
ecosystem. After the QTP experienced a distinct warming in recent decades, scientists have realized that a remarkable
variation in vegetation in the QTP could potentially result from climate change. In this paper, the temporal variation of
phenology for the alpine Gramineae was analyzed for the dates of the onset of growth in spring, blossoming, and withering
from 1988 to 2010 based on the observations from five in-situ sites in the northeastern QTP. Additionally, the relationships
between temperature or precipitation and the duration of the growth period for alpine Gramineae were investigated using the
stepwise regression and partial correlation analysis. Seasonal trends were found to be advancing significantly in the last20
years in the southern QTP , which includes the Three-Rivers Source Area for the dates of onset, blossoming and withering of
grasses. Specifically, the trendsare —4d/10a for onset, —13d/10a for blossoming, and —9 d/10a for withering in the

Qumalai fescue grassland, all of which are statistically significant ( P< 0.01).Additionally, the Haibei Stipa sareptanavar
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krylovit grassland, which is in the northern portion of the study area, experienced increasing trends that is totally different
with Qumalai for all three phenological events in the last decade. Furthermore, the results revealed significant geographical
differences in the observed changes in phonological trends between northern and southern portions of the study area, with a
significant advance in the south portion and a weak delay in the northern area for the onset, blossoming and withering of
grasses as well as for the overall length of the growing season. The trend in the growing season is similar to that in
phenology , with the growing season becoming shorter in the southern area and being extended in the northern area; but the
length of the growing season is mainly dominated by the changes of withering dates because the range of phonological change
is significantly greater in the withering dates than in the onset dates. Although the onset dates show an advanced trend,
which is an advantage in lengthening the growing season, a significant advance of withering dates eliminates the contribution
of the earlier onset of the growing season and shortens the overall growing season. The onset dates of alpine grass are strongly
related to air temperatures in January and March with negative correlations in the northeastern QTP , while warming air
temperatures in January and March lead an advanced onset of growth in grasses. The blossoming dates for the same period in
the north have a negative correlation with air temperature, while precipitation with a lead-time of 2 to 3 months is the major
factor in southern portion. Moreover, precipitation is an important indicator that influences the withering dates. Precipitation
is strongly negatively correlated with withering dates and the previous one to three months of precipitation at Xinhai Station
in the northern area, but a weak positive correlation exists between withering dates and precipitation in June with a 2-
monthlead time at Gande and Henan stations in the southern area. This indicates that the withering dates will be delayed for
a few days when the averaged precipitation occurs in June in the southern area and the significant advance in the withering

dates will occur with the above averaged precipitation in May in the northern part of the northeastern QTP.

Key Words: climate change; gramineae grasses; phenology; Qinghai-Tibet Plateau

RPN AL AN AT 1 DR S A2 A A B 7
PRI T 7R 1 AR A 2 2R e X A A A 11 )
FE R 20 BRI B A B 5 A A
AFALBIEFE A TR 20 T, A BRI A Al
P AE S BEFT , 1A A R IR H K
MR TR A GA R ) T BB s FRE R
HIFEARUR B | 0T 1 i 49 i L0 5 s LA R T A e
SRR AT T R W A A AR B 5
PERISE R S B SRR, B B 5 IR A
S 2 18] 2 SRR IGTR A LD AR | 3 22
5 O3 1] DX R B B AL RFIE B

TR I TR A B AL AN AR
PR T A BRAR SR R P B RS HL B T T HL, v 9
P LR 25 2 G0 0 e A2 A vy JRE A A0 I R e
50 2 Ok A BRAE AL T G R X, AR S
JUTAE R MR RS20 oy b DX A o %
TR AR SR R R K A R R
FEAL I T SRR AR, A B ST R
8 e 5 DX 5 0 114 2 PR A DR R B A7
B R E SR A SIS B 1 A ) T 2 R 2 ) DX

FZEFTL ORI Rk s 1E] 2 S IR R ZAT59R
S5 B AR v D DX ) 23 8] RUBE b T/ L
23 ) 22 50 AR SRk =, e b, X T2 4
XM 5 0 O 2R 0 23 A H R34 AR 3 BRI 4
W, Shen 58 NINNHFYRIFA 5 A =1 AL MR ATAE
EHERRY T Yu 5 A58 R WA 37 2210 78
JER AT 3 R R Luedeling #E—
AR AR S H R R T AT 7EA
SEMAPE I AT A K A 2 e Dt e i
BRI X b Ao 1y 2 R R SO AR K AR 1k
ZRE VR IR A S22 0 e S DX AR A A 3 B
PRIEET e g Dt DXL R 0 A0 BT 5 18 083, DK 73—
ANTT AT, FE DX R | b PRI B 28 Y 2 S X =
F e S X A [] DX A 4 0 o 1) 28 A R A A B X
UL AR I 7 AR A 2 1] 8, AR A 42 )R £ B 4
B Al S AL, L, 7 B/ — s ] R
JEE S B PN 1 v D DA A ) A 72 A AR AT, W LR
YA M DX IR A 0 A B HG X A A A 52 i 114
FHIE

T e S AR ALl X, b B b AL T E AR e P A

http ; //www.ecologica.cn



7 TREEFT A5 20T 20 4775 R e IR U AR A B o A 77 08 AL ARPAIE 1783

T 5 30 6 1t 3 O A X e, o D v FE D ( A
FEJLHR) A JE R (R E A TR M EP £
AR R AR R 3P b B LA R 2R R %
DX 3B Sk 2 7 i i DX 3k, R R0 2 55 T IR E K
) SRR X = VTR [ SRR D IX 7, R AL A X 35
B Y 5 S5 SR A AR I 1 25 S (R S it
SMRAE AR B AR X, H i 308
HbA I b B X ST | L B T 0 2 2 X A
FEH A ) TR v DR s DX sl e 7 A B L2
T RS SR A AL . 35 B A DX Il Rl 4 0 A BF 92 1 T A
BARE K JRIT (3T 25 5 T4, T
PR R T T S A 22 TR 3R, X L sl T 2 5040 ok
BT s AR Y LR A ] 43 R A PR A
FTF 10 d 5315 d A a2 R AR A g 20
RT3k b — e R LS K A b s R, T
i TR RITD  K B A AR 9 T T R AR T O 4 G IE
P, I8 D EEHRENTE TAERAERE R, SR04
X351 e T ORS00 5 395 T 20 45 %) 40 A AR 5% A, K
HRZIET 2005 4E LIRS % FUEA 21 2R
B E AR 5 A0 e SRR B 10 A fb Bl = BT A A
P B AN T T — AN A5 0 A2 Ak i B[] 3
A AR DISOTT Xet s 18] X e A A AR A B T

AR PRI AR SORITF 8 e JRR G R L DX i 20a
P 3t T 0 A SO0 5030 P 31, R s A vy SR e A
Wl sh A AR R A 48 s E A 21 T2 <k
FARMENG R, WA AR Al 4 i R AR AR R A
] 22 5

1 BE|ESTE

1.1 WF5RIXAHENL

ARG DX A, 5 78 o DR AR LR, 7 55 96°—105°E,
30°—40°N Y IX 3, HoHb R A B K IR S E S L A
1, TRERR i AR G AR 1) 5 by (-3 25 2200
m) , o] AU AR i Ll A R T R e T e, H
35.5°N LARS B R 43 b DX MR ER 3 3000 m, i 1L
XGAF] 6000 m LA I, AF 87 25 5 SR 1 AR B Tl
PEACIE I, LA W AR PG b 4 R R 2 b g LAY 1
FEFTBEIX. | BR AT A /D0 A A b | v i 300 2% RS
Gy ies L b X L S I M A I AR S TR A, AR R
Hb DX D fry P ) R FE R R

ARWFFE RIS m FE R R R A F W, B,
ARSCE 9 23 ] XSl atE— 25 B R 5 = V5 b X5
JE5 AR 1L e TR A VT DX ) v FE R I

—

N
40°N
A

35°

30°

. 2000

N 2500
. 3000
. 3500
. 4000
I 4500
=9 5000
35500
76000
1>6000

105°E

E1 HREEREERBERN LSBT
Fig.1 Ground-base observed phenological sites and topography of northeastern Qinghai-Tibet Plateau
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Table 1 Detail on ground-base observed phonological sites, grass types and period in northeastern Qinghai-Tibet Plateau
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Table 3 Correlation coefficients between growing season dates and synchronal and leading three month air temperature and precipitation

AEW uha AEFWZEESE

Phenology Sites ~ Mean onset dates 1-3 1-2 -1 T p-3 b-2 P-1 P
BE L 4.12 0.3932 -0.3331 -0.1196  -0.2915 0.2065 0.5199* -0.295 0.0451
24 4.11 -0.0599 -0.3766  -0.5912** -0.202 0.0272 0.0056 -0.1496 -0.3267
e 4.30 -0.4863** -0.3195  -0.2376  -0.1637 0.2817 0.1148 0.1551 -0.0478
i 4.24 -0.1847 0.0885  -0.0965  -0.3226  -0.2023  -0.0299 -0.2598 0.0164
il PR3 4.30 -0.3093 -0.0574  -0.1988  -0.0297 0.1213  -0.1076 -0.1649 -0.2798
ki 7.31 -0.4844*  -0.1981 0.2232 0.3157  -0.2525  -0.6354** 0.4242 -0.2643
Mg 7.11 -0.3 0.3786 0.1238 0.4773  -0.3933  -0.2096 -0.1688 0.3054
G| 7.23 -0.082 -0.0809  -0.3419  -0.2682  -0.3634* -0.3487 0.3124  -0.1025
i 8.6 0.4489**  0.1878 -0.0834 -0.3007  -0.6411""" 0.0481 0.5096** —0.1789
ih e R 7.30 -0.4011*  -0.075 -0.1877  -0.4645"" -0.5166"* -0.3988 " -0.2558 -0.1561
Y |4 8.22 -0.1028 -0.2058 0.1767  -0.2143  -0.031 0.1503 -0.2174  -0.0265
Mg 8.5 0.0037 0.3869 0.2126  -0.481 -0.4806  -0.1224 -0.3587 -0.1926
e 8.29 -0.2191 -0.272 -0.2182 0.0805 0.097 0.3407 0.135 -0.0979
H 7t 9.21 -0.0844 -0.0073 0.3085 0.1415 0.3091  -0.227 -0.0863 0.1767
il PR 9.15 -0.1667 -0.3222  -0.3368  -0.2651  -0.0129  -0.2883 -0.2615 0.0173
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Table 4

and precipitation

Parameters of stepwise regression between growing season dates and synchronal and leading three month air temperature

A WA AR 5

Partial regress Testing

377 FES A

Regression testing

EHW gy BUSLE AFRAT R
Phenology Sites Steps Variable Partial B ) > B
correlation Sig. R K. F Sig.
coefficient
BH [ 0 — — — - — —
it 1 T-1 -0.591 0.05 0.350 0.284 5.373 0.043
] 1 T-3 -0.486 0.05 0.237 0.198 6.196 0.022
i 0 — — — - - —
Rk 1 T-3 -0.571 0.01 0.308 0.274 8.910 0.007
2 P-1 -0.381 0.10 0.409 0.374 6.570 0.007
ik 3k 1 T -0.813 0.001 0.540 0.456 6.454 0.014
2 T-3 -0.729 0.01 0.701 0.647 12.905 0.001
it 1 T 0.477 0.15 0.228 0.151 2.950 0.117
] 1 P-3 -0.509 0.05 0.132 0.089 3.044 0.096
2 P-2 -0.501 0.05 0.350 0.281 5.107 0.017
H 1 pP-2 0.510 0.05 0.260 0.24 7.368 0.013
HhERSRE 1 P-3 -0.762 0.001 0.267 0.221 5.824 0.028
2 T-3 -0.721 0.001 0.648 0.602 13.835 0.001
B =4 0 — — — - — —
M 1 T -0.854 0.001 0.231 0.155 3.011 0.113
2 P-1 -0.949 0.001 0.487 0.373 4.278 0.049
3 p-3 -0.841 0.001 0.850 0.794 15.124 0.001
e} 1 P-2 0.341 0.15 0.116 0.072 2.627 0.121
HAE 1 p-3 0.309 0.20 0.096 0.052 2.218 0.151
i JRR3E 1 T-1 -0.337 0.20 0.113 0.069 2.560 0.125
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