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Abstract: Warming-induced shifts in vegetation phenology affect ecosystem functions and the hydrological cycle. However,

research has so far focuses on the trends and driving factors of phenological changes in temperate and tropical forests, while
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little is known about changes in grassland phenology in arid and semi-arid regions and their effects on gross primary
productivity ( GPP) of ecosystems. Therefore, an in-depth study of plant phenology and its relationship with productivity in
grasslands under a warming context is essential to predict the response of grassland ecosystems to future climate change and
the regional carbon cycle. Based on the meteorological data and GIMMS NDVI data from 1982—2015, this paper analyzed
the changes in the start of the growing season ( SGS) and end of the growing season ( EGS) of temperate grassland
vegetation in China and their responses to climate change. We also quantified the contribution of plant phenology to the
dynamic change of GPP with the help of first-order difference method. The results showed that (1) in general, the

increasing in nighttime temperature (T . ) in the 1—2 month preseason phase significantly advanced SGS, however, the

min

daytime temperature (T, ) from the current month to first two months before the SGS had a weak effect to advance the SGS.
Additionally, cumulative precipitation in the first three months before the SGS had the strongest effects on the advancement
of SGS. Cumulative solar radiation was found to have a relatively weak effect on SGS in all preseason periods. (2) In terms
of the EGS, the results showed that different preseason time scales of diurnal temperature showed an opposite effect on the
EGS in temperate grassland, and higher nighttime temperatures would delay the onset of EGS. Short-term cumulative
precipitation had a significant effect on the delay of the EGS and reached its strongest in the first 2 months of the season.
The delayed effect of cumulative solar radiation on the EGS gradually changed to an advancement effect with the increase of
preseason scale. (3) Based on the results of the relationship between phenology and GPP, both SGS and EGS contributed
positively to the inter-annual variation of GPP in grassland across the region, and the relative contribution of EGS was
stronger than that of the SGS. The results of the study help deepen the understanding of the interactions between terrestrial

ecosystems and climate change and carbon cycle, and provide scientific basis for grassland adaptation to future climate

change and ecological construction.
Key Words: vegetation phenology; climate change; gross primary productivity ; response; temperate grassland
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Fig.2 Validation of ground observation data and remote sensing inversion data for the phenological period of temperate grassland in China
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Fig.3 Spatial distribution of multi-annual mean grassland phenology in China’s temperate zone
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Fig.4 Spatial distribution of partial correlation relationship between SGS of grassland and daytime temperature in different preseason time

scales in China’s temperate zone
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Fig.5 Spatial distribution of partial correlation relationship between SGS of grassland and nighttime temperature in different preseason

time scales in China’s temperate zone
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Fig.6 Spatial distribution of partial correlation relationship between SGS of grassland and precipitation in different preseason time scales

in China’s temperate zone
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Spatial distribution of partial correlation relationship between SGS of grassland and solar radiation in different preseason time scales

in China’s temperate zone
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Fig.8 Partial relationships between SGS of different grassland types and climatic factors in different preseason time scales in China’s
temperate zone

* P<0.05
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Fig.9 Spatial distribution of partial correlation relationship between EGS of grassland and daytime temperature in different preseason time

scales in China’s temperate zone
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Fig.10 Spatial distribution of partial correlation relationship between EGS of grassland and nighttime temperature in different preseason

time scales in China’s temperate zone

F1 HEEBFAREMERBRSHNREFINSGEEFHRE
Table 1 Sensitivity of SGS of different grassland types to optimal preseason climatic factors in China’s temperate zone
e AR TR bk KAt
;;;; Daytime temperature/  Nighttime temperature/ Precipitation/ Solar radiation/
(/C) (7€) (d/10mm) (d/(W-m™-1007"))

4= [X All region 0.063 -0.727*" -0.58 -0.094
A HAR) B Temperate meadow steppe 0.852 -1.904 0.07 -0.056

T HT SR e Temperate typical steppe 0.324 -0.715 -0.66" -0.047
WA TE I B Temperate desert steppe 0.379* -0.747 -1.75 -0.258
JRAF R Temperate grassland forb -0.400 -2.667 " -0.82 -0.116
A L R Temperate mountain meadow -0.250 -1.613" -0.09 -0.175

TR THPEAL H A Temperate swampy meadow -0.068 -1.380 " -0.05 -0.114

i £R A2 B4 Temperate halobiotic meadow 0.486 " -0.428 -2.65 0.002

#% P<0.01; * P<0.05
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Fig.11 Spatial distribution of partial correlation relationship between EGS of grassland and precipitation in different preseason time scales

in China’s temperate zone
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Fig.12 Spatial distribution of partial correlation relationship between EGS of grassland and solar radiation in different preseason time

scales in China’s temperate zone

2.4.2  BHBA EITOT R A R A A BIK B 1 B v

XIRRE I EGS [ Sy, N—0.184d/°C (P>0.05) , X &M feAEF T T, BT 1°C, EGS S HEHT 0.184
R(F2), WA RKE Sy, A X A 2 60.5% 5 7 N 58l v Pa s A6t 2k L R s i)
PEAR (1 15) o 3k 26 DI Y B BUEe Mk i BE A7 AE — 0 25 57 - KR4 X (38.7% ) 1Y 7 BUREAE - 1—=2d/°C 5 T B
JEPEME A - 3d/C R T LA R 13.8%, EE A MTENSEH B E, 52X, 21X EGS 1Y Sy, A
0.365d/°C (P>0.05) ,Z= 8] | S, 30 i 5 IR et FE 5 HE 290 69.6% , SIREANEL  EGS /Y S, 1 S, 75l
4 0.012d/10mm( P>0.05) F10.027d/(W m™ 100™") (P>0.05) . Z5[I4% 5 |, S, FEHH IE BURME (9 X 388 5 1
H 59.8% , 2946 54.3% M IX S I ABUBRPEFE 0—0.2d/10mm , KT 0.2d/10mm [ XN 5.4% , KL 80f T
FHh, S, UM R DXL L 40.29% , Horbr S /T -0.2d/10mm 1 XU H Y 6.4% , FE S A TE AR AL B
H LA B NSy GBS AT R At S DX R PRSI 75, S0 A OF SO 1) DX I A A P 52 oty P R AT
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Fig.13 Partial relationships between EGS of different grassland types and climatic factors in different preseason time scales in China’s
temperate zone

* P<0.05

®2 PEEBFAEEMEBMAEANREFWSIEREFHRME

Table 2  Sensitivity of EGS of different grassland types to optimal preseason climatic factors in China’s temperate zone

o EPSaw AL Kk PR
Type Daytime temperature/  Nighttime temperature/ Precipitation/ Solar railiation/ )
(d/C) (d/C) (d/10mm) (d/(W-m2-1007"))

42X All region -0.184 0.365 0.012 0.027

L B4 B 5L Temperate meadow steppe -0.068 0.454" -0.140 -0.043

AT MR Temperate typical steppe -0.374" 0.035 0.074** 0.024

TR SE R 5 Temperate desert steppe -0.541 0.204 0.284* 0.137

P BN Temperate grassland forb 0.104 0.030 0.168 -0.074
A L3 B ) Temperate mountain meadow 0.211 0.182 0.068 -0.019
IR TR AL 5 ] Temperate swampy meadow -0.043 0.353 0.005 0.074

IR R A ) Temperate halobiotic meadow -0.664 0.739 0.810* 0.053

#% P<0.01; * P<0.05

AR R SR 5 bR T TGF A1 TMM 1) EGS X e AE 20 7, I M 1E SUSME AL oA w27 EGS
B Sy BIRUE, Hor  THM 1 S, SUBBUBE e, 1 —-0.664d/°C ; TDS K2, b —0.541d/°C , SR, 45 5 1
AR AEZEFT T, BRI T AU | SO 58 3 N 0.030d/°C 3] 0.739d/°C Z [AIANSE , Hih THM 1F Uk
Pefi®  TMS IRZ . AFFHZEA EGS /19 S, s, A A BN T R HIX Y TDS H1 THM X} FefE 2= R Pre
) TESURE AR5, 20514 0.284d/10mm ( P<0.05) F110.810d/10mm ( P<0.05) . 45 H 2 EGS X e 21 &

RS BBURE L B2 2R B B A %5/, Her  TMS \TGF L& TMM (4 S, 435129 -0.043d/ (W m™ 1007") ,
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Fig.14 Spatial distribution of the sensitivity of SGS of grassland to optimal preseason climate factors in China temperate zone
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Fig.15 Spatial distribution of the sensitivity of EGS of grassland to optimal preseason climate factors in China temperate zone
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Fig.16 Correlations between SGS of different grassland types and annaual/seasonal GPP in China’s temperate zone
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Fig.17 Correlations between EGS of different grassland types and annaual/seasonal GPP in China’s temperate zone
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