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Abstract: Vegetation phenology is undergoing profound changes as the frequency and intensity of extreme climate events
increase. However, the mechanisms of end of growing season ( EGS) response to the extreme climate has not yet been
elucidated , especially for grasslands in arid and semi-arid regions. Therefore, this study focused on the temperate grasslands
in China, extracted grassland phenological parameters based on the long-term GIMMS NDVI3¢g data from 1982 to 2015, and

analyzed its temporal and spatial variation patterns. Additionally, correlation analysis and random forest models were used to
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explore the response of EGS in temperate grassland to the extreme climate change. The results showed that; (1) the multi-
year average EGS in the whole region mainly occurred in 270—290 day of year (DOY), 59.8% of the pixels showed a
delayed trend, and the pixels with a significant delay ( P<0.05) were mainly distributed in Tianshan Mountains, the Altai
Mountains in Xinjiang, the western Junggar Basin, the northern Loess Plateau, the western Hulunbuir Plateau, and the
Xiaoxing’an Mountains. (2) There was a widespread positive correlation between EGS and extreme temperature events
(yearly maximum value of daily minimum temperature ( TNx ), yearly maximum value of daily maximum temperature
(TXx) , percentage of days when daily minimum temperature>90" percentile (TN9OP ) , percentage of days when daily
maximum temperature > 90" percentile (TX90P) ). In contrast, the relationship between extreme precipitation events and
EGS was relatively complex, which was closely related to the physiological strategies and environment of each grassland
type. (3) Overall, maximum length of dry spell (CDD), daily temperature range ( DTR), and TN9OP were of great
importance to the dynamic changes of EGS on the temperate grassland. For different grassland types, the EGS changes in
temperate meadow steppe (TMS) were mainly affected by DTR ; those changes in temperate mountain meadow (TMM) and
temperate swampy meadow ( TSM) were affected by TXx. TNx and TN9OP had the greatest impacts on the temperate
grassland forb (TGF) and temperate desert steppe ( TDS) , respectively; maximum length of wet spell (CWD) and CDD
had the stronger effects on the EGS in temperate halobiotic meadow (THM) and temperate typical steppe (TTS) growing in

water-limited areas, respectively.

Key Words: autumn phenology; extreme climate events; response; random forest model; temperate grassland
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Table 1 Overview of phenology observation sites
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Fig.6 The interannual variation trends of EGS in the whole area and different grassland types from 1982 to 2015
Regional ; 2 [X;TGF 4 B temperate grass forb;THM;‘]ﬂ%%.’léEﬁﬁ] temperate holophytic meadow;TMM;‘}ﬁ%[J_lﬂﬂﬁﬁl temperate montane
meadow ; TMS ; i HE B ) temperate meadow steppe ; TSM ; T TR AL ) temperate swamp meadow ; TTS; T L IR B JE temperate typical
steppe ; TDS ; JiH7 LI 55 [T temperate typical steppe
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BRI EGS 5 DTR 2 8L H AN [ 32 B2 19 5 A 5656
A HARATR PR M A B S DTR A FUASCOC R
AR BE 99% 1) MK TR
3.3.2  JREHT EE HbORY TEEA X AR i R 2K A 4 ) o E7 1982—2015 £ ERTEMAERELBEZESTE

RIS IX R 544 TR H Bg(CpD) &t Fig?  Spatial distribution of inter-annual variation of EGS in the
T 2R (T8 LA (54% ) W6 85 T 52 £ B 66 2R 1 temperate grassland in China from 1982—2015
BIGHI (46% ) , (3 13 A5 B 95% 1Y . 38 PEAG 16 1Y
BICHBI N 2.9% , 73 1) b, W8 B IE M 5GOG 28 B DX SR A 7 P9 58t e S, i 222 B AH G 5C AR 1Y
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A% S ARG LB, LA TE A5G 5G 28 DA 2 1Y) IX ISR 25 I A S P L0 | 3 oo P A Sty A A BRI AR
0,2 A IXIUEMROC Y 53.6% , ek B 35 1 HL B 4.7% 5 Brss b St b pE s AR L S A SR dL
JEUHB DX B B AR BN 5 CWD S DGR Ik BB 5 R OC LA 2.2%

R3 HERFEMAERSRREESFREXERT

Table 3 Statistics on the correlation between EGS and extreme temperature indices in temperate grassland in China

&K Z Correlation relationship/%

[~z

n EAIX BEIEAHK Ut BEGHI
Positive correlation Significant positive correlation Negative correlation Significant negative correlation

TN10P 41.7 3.0 51.0 4.3

TNOOP 49.0 10.6 35.6 4.7

TX10P 42.4 1.5 53.0 3.0

TX90P 493 12.7 35.1 2.8

FD 39.8 2.5 51.9 5.8

1D 43.9 3.0 50.0 3.1

TNn 49.8 4.6 43.2 2.4

TNx 50.9 10.5 36.8 1.8

TXn 50.2 33 42.7 3.8

TXx 42.8 10.7 42.2 4.3

DTR 43.2 6.8 45.4 4.6
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Fig.8 Spatial distribution of the correlation between EGS and extreme temperature indices in temperate grassland in China
TNx: H FAES A B K1H Yearly maximum value of daily minimum temperature; TNn: H 5% <R 89 5 /ME Yearly minimum value of daily
minimum temperature; TXx: H 55 IR A f K{H Yearly maximum value of daily maximum temperature; TXn: H &z & R B9 /ME Yearly
minimum value of daily maximum temperature; TN10P ; Y28 H %X Percentage of days when daily minimum temperature< 10" percentile; TN9OP : BE 7
H %L Percentage of days when daily minimum temperature>90" percentile; TX10P ;¥4 /5 H % Percentage of days when daily maximum temperature<

10" percentile; TX90P ; 1% & H %1 Percentage of days when daily maximum temperature>90" percentile; FD: 7514 K% Number of frost days; ID ;7K
p 2 y! y P! P y
PRREL Number of icing days; DTR ;< i H 425 Daily temperature range

T HH EGS 5N [R) a8 B AR iR K B LA IEAHSCOE 2R o0 3, HAEZS [ 40 A b AR ORA—B, ixX e B K 3
ISR Fkh EGS ZER (141 10) . HARK U, FEHARG B 5 5 H oK ZK & (RX I day ) FiELE 5 H B RFEK
i (RX5day ) S 1IEAH 6 R BRI He K 51.8%F1 53.9% , Hrbvil i EAE R 95% 19 B E MR I 101508 5 L4y
R 4.2%F0 4.9%, 73 [H) b BEIEAHSER R IXERE /AR NSt AR TR 2 R Py b Ll S0 s IR pa 3, 28
U3, B A 1) S 3 KK B (R9Sp ) AT 5 B 7K H (R99p ) 52 1EAH 56 56 & 16 X 48 4 391 o B AN 53 [X 11454.09% F11
53.1% , F 43 AGAE T Sm PG LRI PN 2ty P A X, S e St 0 2 AR DG A X3 EE AR50 5.19% 71 3.3%

http ; //www.ecologica.cn



&t
B

6026 H Eire 43 4

0.6 0.6 0.6
TNx TNn 0.6 TXX* TXn

0.3 0.3 3
0.3

Onuﬂﬂﬂmmﬁ oo ollnfa o Hﬂﬂﬂﬂu ol —nnllo_

-0.3 -0.3 ~03 -0.3 U
- .
—82 -0.6 —82 -0.6
' TN10P 0.6 TNOOP ’ TX10P 0.6 TX90P
0 03 . x
03 H H 03
0 0l [ 0
| U 0 O ] U 0
U . |—| U i -03
. -03 : - -0.3
*

1

I

—]
—
1
—
1%
|

-0.6 -0.6 -0.6 -0.6
0.6

% &%k Correlation coefficient
S
W

0.6 0.6 FRAEFERER
FD D DTR & R T
0.3 0.3 0.3 REHIEIH
| SFEELEL
0 = 0 === o 0 5z
UUUUHUU [ ] H il HU A OEEHECE
-0.3 -0.3 0.3 -
= * = Fii 2R Grassland type
-0.6 -0.6 -0.6
BRERAEERER BRRAEERER RRAEERER
Rl Rl i Rl
REHIEIH REHIEIH REHIEIH
2T 2T R 2 IR
£ L EEBE # P # P
E O EE@EE H OEEE$E E EE@EE
= = =
Fi A Grassland type
B9 FEEFAREMENGAERSMIHEESGHFHEXXER
Fig.9 Correlation between EGS and extreme temperature indices of different grassland types in the temperate China
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Table 4 Statistics on the correlation between EGS and extreme precipitation indices in temperate grassland in China
N A F Correlation relationship/%
D A% WAL PYER B
Positive correlation Significant positive correlation Negative correlation Significant negative correlation
CDD 51.1 2.9 43.6 2.3
CWD 48.9 4.7 44.2 2.2
RX1day 47.6 4.2 45.5 2.7
RXS5day 49.0 4.9 43.0 3.1
R95p 48.9 5.1 42.3 3.6
R99p 49.8 33 43.5 34

FEAR R E R EGS S MK FE MO R IS (B 1), R e i J5 3 B TR L 24
R R BEAL R AS B S CDD $3R I TR B IEACSE 2R 15 CDD 3R A 56 56 R 19 7 b s 7Y
ARG T I R AR )| TR ) R T MR R o CDD R AR R B Y (ARG R o T
BEAR R 95% W MK RS . IFLHE EGS 5 CWD BIAHIC K FZORE , iy $h AL R A B 5 WD 23
E IEAIE R (P<0.05) , T AN s ) 4 R i Aty SR B SR A Ak B0 5 CWD A I A 6 P A X 42
55 ; TR RN 5 CWD FRIE AR AR E REAE-0.3—0 Z 0], AN[RIAR diibae 7K 5 3 46 b S5 T
DX S R 1 S R i IR R A AR DGPR3 55 (HAH G R R IR R 2 A8 35, RX Lday 55 RE b A 2 10 % (A SR 3
HUOR I A EOC R IH RX L day A3 N AT B2 208 38 T AT B DA 3 ) o0 J R0 9 7 V5 D ) 4, 2%
U, A MR AT A TR S AR B S RXSday SR B IEAHICOE &, How B 2 AU (R A B ) 5 2 R B
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Fig.10 Spatial distribution of the correlation between EGS and extreme precipitation indices in temperate grassland in China
CDD: R4 T 5 H %1 Maximum length of dry spell; CWD . FF2E1 1 H % Maximum length of wet spell; RX1day: 5. H fi KFE/K i maximum 1-day
precipitation; RXSday; 2% 5 H KK maximum consecutive 5-day precipitation; R95p: 5 f#7K & Annual total PRCP when RR > 95p;
R99p : ¢ # % 7K it Annual total PRCP when RR > 99p
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Fig.11 Correlation between EGS and extreme precipitation indices of different grassland types in the temperate China
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Fig.12 Importance of 17 extreme climate indices relative to the EGS of difference grassland types
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