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Abstract: Vegetation phenology is widely recognized as a comprehensive indicator of global climate change. Studying the
spatiotemporal characteristics and trends of regional vegetation phenology can improve our understanding of the stability and
dynamic changes of the ecosystem. Based on the 16day, 250m resolution MODIS NDVI data from 2001 to 2020, this study
used the S-G filtering method and the relative threshold method to extract vegetation phenology parameters in the Yellow
River Basin. Combined with the ERAS5-LAND hourly climate reanalysis dataset and CHIRPS daily precipitation dataset
provided by GEE platform, using trend analysis and partial correlation analysis methods, we explored the spatial distribution

characteristics and change trends of vegetation phenology in different vegetation zones under global climate change.We also
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analyzed its response to climate factors.The results show that; (1) the climate in the Yellow River Basin presented a warm
and humid development trend from 2001 to 2020, with an annually average temperature increase of 0.15°C/10a ( P>0.05)
and an annual precipitation increase of 24mm/10a ( P<0.05). (2) The warm temperate deciduous broad-leaved forest
region in the Yellow River Basin had the earliest start of the growing season and middle time of the season, while the typical
grassland subzone in the southern temperate zone and the desert grassland subzone in the southern temperate zone had the
latest start of the growing season and middle time of the season. The end of the growing season in the temperate shrub-grass
semi-desert zone was the latest, and the length of growing season in the alpine vegetation region on the Qinghai-Tibet
Plateau was the shortest. (3) Within the whole basin, 69.3% and 66.4% of the area showed an advance trend ( P<0.05)
for start of the growing season and middle time of the season, respectively, 50.9% of the area showed a delay trend ( P<
0.05) for end of the growing season, and 66.1% of the area showed an extension trend (P<0.05) for length of growing
season. (4 ) There were differences in climate impacts on phenology parameters among different vegetation zones.
Temperature had a greater impact on phenology parameters in typical grassland subzone in northern temperate zone, alpine
grassland zone, and alpine meadow zone, while precipitation and solar radiation factors had a greater impact on phenology
parameters in typical grassland subzone in southern temperate zone, temperate shrub-grass semi-desert zone, desert

grassland subzone in southern temperate zone and mid-subtropical evergreen broad-leaved forest zone.

Key Words: vegetation phenology; climate change; response; the Yellow River Basin
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Fig.5 The rate and the significance test of change of mean temperature and precipitation in the Yellow River basin from 2001 to 2020
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Table 2 Temporal variation of phenological parameters in different vegetation zones and test of significance
Hi7F Vegetation zones SOS/(d/a) MOS/(d/a) EO0S/(d/a) LOS/(d/a)
5 YEL A 3 e CARH Ty
e L AL A . -0.62° ~0.49" -0.29 0.35°
Deciduous oak forest zone in the northern part of the warm temperate zone
7 9] S e )F/\ H{J‘w
Hﬁ{m?ﬁﬁqéﬁ% R ,H? -0.38" -0.27" -0.07 033"
Deciduous oak forest zone in the southern part of the warm temperate zone
T PR Al 22t S8 19 2% b iy 5
jlﬁw,m?ﬁ’ﬁ—«k‘/ﬁ f{tbxﬁﬂﬁ?ﬁ’ ‘ - ~031 0.02 0.18 0.49
Evergreen and deciduous mixed forest zone in the north subtropical zone
VAT S5 ] bR A
AR AR A . _ . -0.31 0.02 0.20 0.52
Evergreen broad—leaved forest subzone in the middle subtropical zone
S e ) i 4y
ﬂﬂ?lﬁuﬁﬁ$¢($ﬁl)$ﬁ 0.01 o013 015 015
Forest (meadow) grassland in the southern part of the temperate zone
LA b LT 5 B B
eI R -0.15 -0.08 -0.02 0.13
Typical grassland subzone in the northern part of the temperate zone
T HT T il B A
AR AIL R A 0.17 0.10 -0.08 -0.26
Typical grassland subzone in the southern part of the temperate zone
TR AT T 0 e e S IV M
17 AT L RO ALY 0.62 0.26 -0.02 -0.69
Desert grassland subzone in the southern part of the temperate zone
NEg A N‘:*‘—Elzi T
RAEA RRARRIME 0.40 0.14 ~0.25 ~0.74
Shrub and grass semi-desert subzone in the temperate zone
TR AR
-0.35" -0.08 0.28 627
Shrub and semi-shrub desert subzone in the temperate zone 0.35 0.62
R FEVE N Fifa) H1AHT Alpine shrub and meadow zone -0.39 -0.09 0.24 0.63*
T FE R A Alpine meadow zone -0.65" -0.32* 0.17 0.81°%
EFEEL JF AT Alpine grassland zone -0.56" -0.28 0.05 0.60 "

SOS . A= K Z=1EHH Start of the growing season ; MOS; 4= K Z=Fh ] Middle time of the season ; EOS . 4 K ZK ] End of the growing season ; LOS. A&
ZE K Length of growing season; * P<0.05
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P i
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Fig.8 Interannual trends and significance of phenological parameters in the Yellow River Basin
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W, P X EOS 5 2 IE A &1 A K (69.3%) , % SOS 5 5k 2 7 AH 56 1 A K (65.8% ) . 1WA A /K i 2
SOS 1 EOS Bk , X PR A AE A R 51 20 A i S 2 B A A rh B BT I, b R PR AR S XF SOS 42
FEA G R K (66.7%) , % EOS &2 3 TAH G AR IR K (72.3% ) . UK BHAR 59858 , SOS i, EOS
o R RAALE AT S RS 22 AR A A W 2 O A b A IR B R X P SO R
M) L A K AR A B 6 S R K T S ML 70 0 Je S e | v 9 i R v SE ) A H SOS | MOS
EOS 1 LOS XF 1 B 14 52 TR K RN A BE R S 1777 52 380 A K 5 M A P e b 5 2 TR T S ML 78 8 ST Ay

http ; //www.ecologica.cn



44 %

854

° T DO GO X 3 5 BV S OO B SH G R T S0 0> d Y BRK S N BT i
T IOG L0 W 6 B KL 2 BN H ANV BITE B HIY M USSN Dl d TEOSMPAE MU CE R MU TER Rk

uiseq JIARYY MO[[d X ) UI SIUOZ UONBIITIA JUIJIP 10J S.10)08] [BII50[0.109)9wl puk sadjdurered [ed150[0udyd uddA)9(q SIUIIDIIJI0I UONR[LIOD Seig ¢S]

B KB NI MY SRSHHXCREEIY HYE ¢ E

AUSSN

uru

Xew
L

uegaw
L

//www.ecologica.cn

http



2 H8 TR %5 M HIE 2001—2020 A5 1 41 K HXH S As AR AR B i i 855

FIELAT HEA R FEE T R P SRS SR A ) R 0 2 J 1Y e 7 e 5 i i 0 R ¢ ]
MM, XL BB AT REA — SRR R (8 B AL , ol A5 1D xe il B2 DR ) SR B8 A e A R K B e
ESIR

4 He

4.1 P TECE BN A P T

AAHFEEET ERAS-LAND S F1 CHIRPS [ /K B4 % i 1] i Jak 2001—2020 4 i A 7K 19 2 8] 3
A AL RA ST T 4307, 5 TR 4 A5 1500 28 T3 5 il i SN B of AR DX AT R I K 4 28 A 24
SERIAR T, (HARI IR MR KA BT, T4 07 85008 45 31 (0 A7 B TR AR, AF R K i, X 5 S 5 gt
(AIF 7845 R — 30, F W oT808 B R RS IR S il SEE B G RO, AEATSSR A7 AE — 2 R BR M | J5 252 1T LA 2% BT 1
OIWIEE AT — E M IEAL R | DA — AR T
4.2 HEBEY R U L SRR

AWFFE T MODIS [ MOD13Q1 V6.1 7= A T s B B, 5 DA AR X6 B n] g 3 ) 48 if 52 X6F Bb ok 7 45 SR S
AR S S S e B SR O R R A B . ERZ S B A3 18] 43 PR A 250m , 15 [E] 43 B R A
16 K, SE—ERRE F RIS B, 76 )5 22 W58 oh— 5 1 n] LA B8R FH Rl 52 15 R B s [ 0 B O
15 B8 Y A% 1N MODIS I Landsat B9 @l A5, 55— J7 i ol LA DL H 4 807 A9 MODIS 5% 7 i
MCD43A4 AT L

it 2001—2020 4 H ] Pt sl M 1 A 4 RN ARSI 122 DX 38k 0 400 43 A B A8 Ak A7 70 W Sl %) 0 s o 22
S BB AT EIRK S R AR AR MRS ORI Y S T X U 9 S SOS AT MOS H#EIR , 1LOS i, iX 5
RIS R, B T A REAN, IR R WA A A 5 Y — A E B R 2R PR R SR T A el R I
A P A P AP DX IR B2 30 5 i - o) bR DX s o A A ] (DRI TAE 05 v, IO bt ¥ o o P bR X 3 522 00 1 A
B SOS %, MOS H1 EOS A2 HL LOS 40 HYAHE , 3% 5 Chen 25" BYBF 5845 R —, JuHZ MK 7E 3400m LA |
B B TR BT AR SOS HBRHER | EOS H257 H LOS 4,

BT P KA e ) M A TR A S R AR B B DG . B MAOR B R A SOS T MOS $ii7, EOS #EIR
LOS HE  {H B3R o bty ) R 34 00) 5 22 AR S, Gt g 40 S 61 o R0 7 VB JE I b s | T TR R RS
TR bty RIS B AR () ) IR B A N AR A R TR] DX 3 e 4 i ket S A DR R Rt 25 3%
s 2 AEERY M 1982 4EF)] 2012 4EHE#% SOS H2AT, EOS #ER |, LOS FEK:  H M\ 2002 4 T4 1% — #a #
AR LR, T AR IR N RRLL A FHEAR ™ A T — %2 A0E 1, S SO B sl K 43 A R B R0
4.3 DR TR A Ak ) R i

SRR (1 PR AT LAy R N RIS o8 A IR B TE SRR R AR REE b (b D B A
PRI R 2 AH — A (R BE R AR Bk JGIR | R 40 5 4 3 R R e A1 R
0T e 5 R K A 188 22 25 (A I AR SR B K b A5 AR K R, IR BR SOS #2751 . FEABF g b, ¥
T LR ) A A3 A DX SR AR R I A 3 — A, {3 o DA 1) T 57 Y DX 04 i R[] 3 B8 T v 922 X
35 SOS #ER , J PR — T T2 52 s XA B X R /K A 7 SRR 1R 88 T R T s B i 2 (1 = 8K A i 28 %
fifi SOS H#EIR , 55— 75 1 FH TR A TR1 VR T, BV FA K 25 i 5 S AT, AT IR SOS™ | XF K BH#R 4, 78
STV FRGHS S I AR DX 3014 S P SRR, 8 s BV P BRAR B0, R BH R S0 ) 2 AR - B A 1 R A P Sl 3
S B BH 4 S 0 5 G ) TR A AR HEIR BOSTOT T R A R DRI A 5 VB X B A K B A 1 5
MOS Fl EOS $ERIT , 3% I8 PR R AR X K 520, o H 4 S i S 850K A T B T v JRTRH X 8 B I, 186 1 A 9t 1
FERBATIR FK A3 T30, DT AR 00 AR 70455 2 o 7 g D 2 /i 389 22 {5 EOS HiR | 3 5 LA 4 A L8
TR SRR 250 B 5 235 e — B30, DR A A K o 40 348 22 T L 8 gt Tk 28 S50 417 >R A ), S A ok 1) A o J1 300, 5 531
SRR B/ DI K, (HABF SR IRAFAE— B AL FELUR BORF 5 mT LA BRCAn SEH5 £ AR X 45 H Al < A

http ; //www.ecologica.cn



856 xR 44 %

R ST ST X, e O 22 M R DR 7, O AR EA T S I A S 3l 2, 0 B RO AL, $R BN [R) U X
AN A ) 249 TR ) SR, AR T A SRR R S B S R

5 #ig
AHFSE LA 4, 2001—2020 4EA#9 MOD13Q1 NDVI 32 JBE s o BE i 42 BU i S 80, Wiz X S s

L A0 P B 2 A8 Al R A AN (] (AR S 38 DX HE A AT, 43 B A A o A= (A=UR  B K R BHAR 5
AR, £ R 3 X S BGE i K/ A8 BN R 458

(1) FEIN 2001—2020 A5 AR R I Ay - Ui = W 44 b DX FE 08 T4, v I 28T D b DX 30 2 Y Vi), 5 fk
AR RBRIRAN KR

(2) BT, 2001—2020 448 8 F- 14 SOS .MOS il EOS A —4FE A5 140—160 K % 210—220 K FiI%E
270—280 K ,LOS 2 110 d WA G b kK, 28 [l oA L AEAE IR S i 26 B R PR 00 22 5% Bl 4 443 B T v
TR LT R A5 BSOS A MOS #2517, EOS #EiR | LOS i/ i BLS , Wz iy 75 i e ik X 3k ) SOS Al
MOS F5c i, Y B A LAY s I b R Y P ¥ 078 R S M AT (1) SOS i MOS fe e, T HFE AR | R RE 24 37 184
EHBAE Y EOS R M, 75 8 e i e FEAE 4 X B LOS Feii

(3) B 2001—2020 4FH R PR HE SOS Fl MOS $277, EOS #EIR , LOS FE K (e | 15T g 3 g 15y
R JERT S B S IV gy R A AR IR R S BT b RT R AT e AR () ) R A A S A

(4) BB 43 X A %S B0 5 I A 4 TR B A S A R 22 TRIAE A — 22 B AF G, (ELIX A oG
PETEAR R B 3 DX ARG T 25 57 R DR b ety S AL 7RSI e ey gy 9 e b D s 5 ) s X ) 1 5
BRZ AT, R 7K R I 8 5 R bl e S LR e JE I by TR A TR R e e T Uty | TR Y e S Y
JE IV ity T I A 8 S R b A ) S E O R

£ 3L Hf ( References)

[ 1] A, TRz, 1982—1999 453 il HAR #1248 fhmi BT A9 245 22 57 . M FRA4f, 2003, 58(1) @ 119-125.

[2] R4, VR, M. SRS S 8 b R wos 352 b nosem. hERLE . D 8 HikF7 | 2007, 37(11) : 1504-1514.

[3] HelJ, LyuD, He L, Zhang Y J, Xu X M, Yi HJ, Tian Q L, Liu B Y, Zhang X P. Combining object-oriented and deep learning methods to
estimate photosynthetic and non-photosynthetic vegetation cover in the desert from unmanned aerial vehicle images with consideration of shadows.
Remote Sensing, 2022, 15 105.

M, SEEGH. Pfss. JUa: Blae Rk 1973, 1-131

[ 5] Caparros-Santiago J A, Rodriguez-Galiano V, Dash J. Land surface phenology as indicator of global terrestrial ecosystem dynamics: a systematic
review. ISPRS Journal of Photogrammetry and Remote Sensing, 2021, 171 330-347.

[ 6] Leonor P C M, Bruna A, Swanni T. A, Bruno B, Elise B, Maria G G. C, Leonardo F. C, Daniel W. C, Diego F.E. E, Patricia T.P. L, Irene M,
Nathdlia M.W.B. R, Natalia C. S, Thiago S F S, Vanessa G. S, Annia S S, Betnia C. V, Carlos A. P. Linking plant phenology to conservation
biology. Biological Conservation, 2016, 195; 60-72.

[ 7] Peiivelas J, Rutishauser T, Filella I. Ecology. Phenology feedbacks on climate change. Science, 2009, 324(5929) : 887-888.

[ 8] Bai P, Liu XM, Zhang Y Q, Liu C M. Assessing the impacts of vegetation greenness change on evapotranspiration and water yield in China. Water
Resources Research, 2020, 56(10) : e2019WR027019.

[ 9] Piao S L, Friedlingstein P, Ciais P, Viovy N, Demarty J. Growing season extension and its impact on terrestrial carbon cycle in the Northern
Hemisphere over the past 2 decades. Global Biogeochemical Cycles, 2007, 21(3) . GB3018-1-GB3018-11.

[10] ChenSZ, FuY H, Hao F H, Li X Y, Zhou S, Liu C M, Tang J. Vegetation phenology and its ecohydrological implications from individual to
global scales. Geography and Sustainability, 2022, 3(4) . 334-338.

[11] Pielke R A, Avissar R, Raupach M, Dolman J A, Zeng X B, Denning S A. Interactions between the atmosphere and terrestrial ecosystems
influence on weather and climate. Global Change Biology, 1998, 4(5) . 461-475.

(12]  HlFT, sk, 22y, sREM. HE I S 18 AR SIBO A DITE IR . HUERFL kR | 2016, 31(4) : 365-376.

[13]  Hiss¥r, T, RIOK. MBS B0 BRI SO AT, PRI R, 2018, 30(1) : 55-66.

[14] LR, 205 %, T8, &, S8R0 B 4 = R ok i e W K A AR e . Rk T4, 2015, 31(15) : 153-160.

[15] &2, s, W, BME, B, RS, RAR. B+ AR B A8 b K HOW S AR R i e . AR 28253, 2021, 41
(16) : 6600-6612.

[16] Piao S L, Liu Q, Chen A P, Janssens [ A, FuY H, Dai J H, Liu L. L, Lian X, Shen M G, Zhu X L. Plant phenology and global climate change

http ; //www.ecologica.cn



2 4

TR % B 2001—2020 4EHE A5 B XS A7 Ak A o 857

[17]

[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
(28]

[29]

[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]
[38]

[39]
[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]
[49]

current progresses and challenges. Global Change Biology, 2019, 25(6) : 1922-1940.

FuY H, Zhou X C, Li X X, Zhang Y R, Geng X J, Hao F H, Zhang X, Hanninen H, Guo Y H, De Boeck H ]J. Decreasing control of
precipitation on grassland spring phenology in temperate China. Global Ecology and Biogeography, 2021, 30(2) ; 490-499.

Li X X, Fu Y H, Chen S Z, Xiao J F, Yin G D, Li X, Zhang X, Geng X J, Wu Z F, Zhou X C, Tang J, Hao F H. Increasing importance of
precipitation in spring phenology with decreasing latitudes in subtropical forest area in China. Agricultural and Forest Meteorology, 2021, 304/
305 108427.

Chen X Z, Ciais P, Maignan F, Zhang Y Y, Bastos A, Liu L 'Y, Bacour C, Fan L, Gentine P, Goll D, Green J K, Kim H, LiILZ X, Liu Y,
Peng S, Tang H, Viovy N, Wigneron J, Wu J, Yuan W, Zhang H C. Vapor pressure deficit and sunlight explain seasonality of leaf phenology and
photosynthesis across Amazonian evergreen broadleaved forest. Global Biogeochemical Cycles, 2021, 35(6) : ¢2020GB006893.

M, SRR, RAEVE. LRk 4B L IR 30 SRR BRI UYL, AR ASAAR, 2022, 46(2) ¢ 125-135.

A, 20 Rs, JEIFFRG, BKIDEH, S8MEss, skl R H 5T MY P IRER TR R SR B rpEBE . HIRkERE, 2020, 50
(9): 1206-1218.

WS, K, M, R, HOAN A M R 5 R S S (LRI, LA A0, 2022, 41(4) ; 714-723.

AR JAT . 1980—2005 45 HR [E ARG A A B0 (5 AT BRI AR B . A 824 2% AR, 2010, 29(12) ¢ 2317-2326.

BER ) ZREIR, S IPCC 88 AN UIPAGHCSE 5 — T AR ety FREAE IR AR gt il PRIRAY, 2021, 49(S2) : 44-48.

Keenan T, Richardson A. The timing of autumn senescence is affected by the timing of spring phenology : implications for predictive models. Global
Change Biology, 2015, 21 (7) : 2634-2641.

PG, RUIZEHE, T/NAL, AR 2001—2020 4F S i i AR 9 8L 25 A8 fk S L R R P EEMEE, 2021, 41(4) ; 205-212.

HHTE. AR N RIEANERBER (1:1 000 000) . bnt. HUETHi A, 2007.

RNPE, TR, B/ 2T Google Farth Engine 3 DI AR Y A8 BN R FF 51 S-G JE 7 MA RO BOHE 5 52, 3@ B AR 5 AT, 2021,
36(5) . 1189-1198.

Zeng L L, Wardlow B D, Xiang D X, Hu S, Li D R. A review of vegetation phenological metrics extraction using time-series, multispectral satellite
data. Remote Sensing of Environment, 2020, 237 111511.

EHEE, PR, RIER, 5%, 2/, SR PR SEUEESRIS RIE T AT . JBIEAL, 2022, 26(3) ¢ 431-455.
Wang Y Q, Luo Y, Shafeeque M. Interpretation of vegetation phenology changes using daytime and night-time temperatures across the Yellow River
Basin, China. Science of the Total Environment, 2019, 693 133553.

i, FEEREE, IERG, AR, EAER, AR, BRI A B R AR AR B H AT, 2@, 2019(8) ¢ 130-134, 157.
HR . —TCER LI B PRI T, P TR S B AR, 1988, 2(S1) : 78-82.

W, P, KRB, RAGH, RAR, HEAE. 2000—2016 4F =TI DR A 4 28 NDVI R4k K HERE M D 1 g 7. [ 4 % O
&, 2020, 32(1) . 237-246.

FEREA, BRI, FRME, A, FRUAIL 1961—2020 AF B BN URALRE RN, RS IRETRN, 2021, 44(6) : 1-8.

A, SR 5T B B SR A R B AR TG [ D). 8R)1. TEORE, 2022.

Sy B TR AT RO A% A 52 i 2 T R R R BN AT 72 [ D] A5 LB %, 2022.

Yuan M X, Zhao L, Lin A W, Li Q J, She D X, Qu S. How do climatic and non-climatic factors contribute to the dynamics of vegetation autumn
phenology in the Yellow River Basin, China? Ecological Indicators, 2020, 112, 106112.

Dk, whik, RuEE, B, G S e 1B BRI R A (A A B ROR BT, 2021(31) ; 1-4.

BRITE, THEW, #hilAl, 0, MEF. MODIS il Landsat Bt 2s Bl A5 4% 76 - S96ER 5000 W I Hh 938 F PR A 5
AWM. TR, 2022, 45(4) ; 1155-1164.

Chen L, Huang J G, Ma Q Q, Hinninen H, Rossi S, Piao S L, Bergeron Y. Spring phenology at different altitudes is becoming more uniform
under global warming in Europe. Global Change Biology, 2018, 24(9) : 3969-3975.

BSOS, AR, BEAR. T R R P S R B i s A RRAE. BDIL AR, 2019, 36(4) ¢ 10321043, 919.

Shen M G, Wang S P, Jiang N, Sun J P, Cao RY, Ling X F, Fang B, Zhang L., Zhang LH, Xu X Y, Lyy W W, Li BL, Sun Q L, Meng F D,
Jiang Y H, Dorji T, Fu Y H, Iler A, Vitasse Y, Stelizer H, Ji Z M, Zhao W W, Piao S L, Fu B J. Plant phenology changes and drivers on the
Qinghai-Tibetan Plateau. Nature Reviews Earth & Environment, 2022, 3(10) ; 633-651.

Saxe H, Cannell M G R, Johnsen @, Ryan M G, Vourlitis G. Tree and forest functioning in response to global warming. New Phytologist, 2001,
149(3) : 369-399.

Cong N, Wang T, Nan H]J, Ma Y C, Wang X H, Myneni R B, Piao S L. Changes in satellite-derived spring vegetation green-up date and its
linkage to climate in China from 1982 to 2010: a multimethod analysis. Global Change Biology, 2013, 19(3) . 881-891.

W, XUBHE, FWOR, kB, ke, IVT b ARE AR RIS 1) B b 2 i B H i K 7 i 4087 R ARl RO R 240, 2014, 34
(4): 90-95.

TEA, fLEE, P, 5KIT, T8, SR, AOR%. KGRI ER T b DR B4 NDVI A 4R PR AL IO 5. 225240, 2022,
42(2) . 766-777.

L&A, BRoR, BESCHE, BIPURE. 1982—2013 4R35 0 A B 0 A8 L MR I FE . s34, 2017, 72(1) ; 39-52.

XSfRME , erde, mil, EREA, &, R, dk, TR, A 1964—2015 AR AR X 2208 b X AW WA R 25 B AR . b B
“#4i, 2018, 73(5): 917-931.

B

\:l%

C

VLT ] — 2 24

http ; //www.ecologica.cn



