55 44 355 20 1) S & 7 i Vol.44,No.20

2024 410 A ACTA ECOLOGICA SINICA Oct.,2024

DOI:; 10.20103/j.stxb.202403250618

SRARHE, XHTE, AR, KU, SR AR A, B AR AR T R JR 1951—2011 4F A K Ze (R IR 25 1 B 4 40 5 R i PR 3R A A5 24 3k, 2024, 44 (20)
9029-9038.

Zhang Y Y, Liu X S, Fu D N, Fang F M, Wu D L, Luo F F.Spatiotemporal variation and its environmental drivers of freezing events during the growing
season on the Qinghai-Tibet Plateau from 1951 to 2011.Acta Ecologica Sinica,2024,44(20) :9029-9038.

SR 1951—2011 FEAEKEFRESHERZTOREE
il (& 2=

N R 1,2, % ks 1 = ar )2 1 1
AR AT AFaam oy RGHD 2 A S BRI
1 B0 2 M B 5 R e 2 B, 5] 241000
2 YR b e A A5 X dnl i 17 22 B TS SRR A, TEWT 241000

FEE AR I S BT R e SR A A T RO JE K X ] BE I T A 4 2 LR e TR ) B R AR AR IR S T RN . SR, A 6
T L e S A A AR A P B 25 43 S I O i P R A B 2 R AR T RS B 109 N4 1951—2011 4R H <R
Bodie s ST A LR K 2 Rstudio BRAFGE T 453 s 8 4 B A KBRS BUR AR B 48 T4 KBRS
B3 A P Y ) 25 AR A R L R BROR SN 2R S5 SRR E . (1) FF 1951—2011 FEHA] , 35 96 JR 24 65% Byl i A K B AR K TR
I st 18 UK 0 S R 8 S 0 ) A AT 7 D 3 AR 5 A VLT 48— 5 il 20 R B a3, (2) AR K
ZAR R B AE N A A B AE K2R T RGP AR AR 1951—1990 4F AR AR K 2 G IR 5 14 40 A 1 25 06 £ 170+ B I 309 A Xk R, 1HL
1991—2011 4R A K 2 R A e 30 (G TR T A SR WA 1 1 o1 PR S92 2 T 11—29d IR 6—29d, F HLiX Fh A Rl 4E AR 2 ]
FRy B T B I G 2 A A AR S AR D 0 il s R B R R . (3) AR FEFF IR AT R AN A K R TR Y AR fb e 3 B s 2 K 2
TR R AR ZEIREE A T, YA K 4G B AR AR B 4 0d 4.37d/10a 304 K ZEHIR IR B2 /T 0.05°C/10a B, A
AR L (G S5 B 5 AFJE: | A5 R B8 R (A Ak 340 A K R IR TR (5 B AR A R S /N, BIFSR 2 SR8 7R T SR
W 5 T 75 9 e J AR K 2R 1 R e 23 40 S AR AiE B R i R 2, S R4 AR AL R 5 i v DR o A 28 R G B A R R 4R it 1
HEREKE

KR A K RS SRR RS N R B R

Spatiotemporal variation and its environmental drivers of freezing events during

the growing season on the Qinghai-Tibet Plateau from 1951 to 2011

ZHANG Yiyun', LIU Xinsheng"> ", FU Dina', FANG Fengman', WU Donglei', LUO Feifei'
1 School of Geography and Tourism, Anhui Normal University, Wuhu 241000, China
2 Key Laboratory of Earth Surface Processes and Regional Response in the Yangize Huaihe River Basin, Wuhu 241000, China

Abstract: The ecosystems on the Qinghai-Tibet Plateau are highly fragile. Climate warming has lengthened the plant growth
period on the Qinghai-Tibet Plateau, which may increase the risk of freezing exposure in the early and late growing seasons.
Knowledge on the spatiotemporal variations of freezing events during the growing season will contribute to a deeper
understanding of the response and adaptation mechanisms of plant growth to climate change on the Qinghai-Tibet Plateau.
However, to date, there is still a lack of systematic understanding of the spatial and temporal differentiation of growing-

season freezing events and its environmental drivers on the Qinghai-Tibet Plateau. In this study, we defined the
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climatological growing season based on the daily temperature data of 109 weather stations on the Qinghai-Tibet Plateau from
1951 to 2011. Rstudio was used to analyze the frequency and intensity of growing-season freezing events at each station year
by year. The main results were as follow: (1) During 1951—2011, the frequency and intensity of freezing events during the
whole and different phases of growing season decreased simultaneously at ca. 65% stations on the Qinghai-Tibet Plateau,
but climate stations in the eastern part of the plateau and along the Brahmaputra Valley showed a slight increasing trend.
(2) The intra-annual distribution of growing-season freezing events had changed systematically among different decades.
The dates of the peak distribution probability of growing-season freezing events from 1951 to 1990 were relatively stable.
From 1991 to 2011, however, the dates of the peak probability of early- and late-season freezing events were 11—29 days
earlier and 6—29 days later respectively, and such time shifts were particularly evident at sites where the frequency of
growing-season freezing events decreased. (3) The long-term trends of the onset of the growing season and the growing-
season temperature were the main environmental factors that affected the frequency of growing-season freezing events. When
the advance of the onset of the growing season exceeded 4.37d/10a or the increase of growing-season temperature was less
than 0.05°C/10a, the frequency of growing-season freezing events would increase. However, the long-term trends of various
environmental factors had a minor impact on the changes in the intensity of growing-season freezing events. The results
revealed the spatiotemporal differentiation characteristics and its environmental drivers of growing-season freezing events on
the Qinghai-Tibet Plateau under climate warming, which can provide key scientific basis for the management and protection

of vegetation ecosystems on the Qinghai-Tibet Plateau under climate change.

Key Words: growing season; freezing events; frequency and intensity; environmental drivers; the Qinghai-Tibet Plateau
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Table 1 Definitions of characteristic parameters and its drivers for freezing events during the growing season
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Fig.2 Temporal trends in frequency and intensity of freezing events during the growing season on the Qinghai-Tibet Plateau from 1951

to 2011
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Fig.3 Intra-annual probability density of freezing events frequency on the Qinghai-Tibet Plateau during 1951—2011
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Table 2  Statistical summaries of the correlations between environmental drivers and the frequency and intensity of growing-season

freezing events

LTS Frequency o i Intensity
E Eﬁ‘ /I'JQH /l‘lx‘H
Independent - itk x . =t itk x .
. Dependent . R Dependent . R

variable . Equation Intercept . Equation Intercept
variable variable

Kges Ky y=-0.42x-1.83 -4.37 0.167 " Ky ¥y=-0.02x-0.07 -3.94 0.179**
Kepg y=-0.39x-1.41 -3.60 0.266 " Kip g ¥=-0.02x-0.09 -3.74 0.226 "
Kepr ¥y=-0.03x-0.42 -15.59 0.004 Kipr ¥=0.01x-0.02 4.60 0.008
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Kppp, ¥=0.22x-0.68 3.10 0.087 ** Ky, ¥=0.02x-0.06 3.63 0.031
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Kypg y=-7.53x+0.44 0.06 0.285** Kipg ¥y=-0.17x-0.01 0.07 0.032
Ky, y=-3.79x+0.13 0.03 0.209 ** Kip.p y=-0.07x-0.03 -0.35 0.005

* :P<0.05; %% ;P<0.01
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Fig.4 The relationships between temporal trends of the frequency of growing-season freezing events and the temporal trends of onset and
ending of the growing season as well as the temperatures on the Qinghai-Tibet Plateau
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Fig.5 The relationships between temporal trends of the intensity of growing-season freezing events and the temporal trends of onset and

ending of the growing season as well as the temperatures on the Qinghai-Tibet Plateau
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