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Response of phenology phases of four deciduous trees to climate change in Xi’'an
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1 College of Urban and Environment Science, Xi'an 710127, China

2 Shaanxi Key Laboratory of Earth Surface System and Environmental Carrying Capacity, Xi'an 710127, China

Abstract: Based on the climatic data and plant phenology observation data of Xi’an from 1979 to 2018, we analyzed the
growth trends of four species of deciduous tree during the full leaf development period as well as the full leaf discoloration
period using methods of segmented regression and trend tendency rate. We studied the relationship between plant phenology
variation and climate change through correlation and Partial Least Squares ( PLS) regression analysis. The analyses
generated four primary results. First, from 1979 to 2018, the spring phenological periods of four kinds of trees were
advanced while the autumn phenological periods were postponed. The length of the growing seasons was extended as a whole.
Second, the spring and autumn phenological periods of Xi’an area had abrupt changes in 1982. After the abrupt change,
plant phenological characteristics changed dramatically compared with the overall trend, showing that the spring advance
rate and autumn postponement rate were faster. The spring phenological period has advanced at a rate of 3.8 days per
decade, while the autumn phenophase has delayed at a rate of 4.7 days per decade. Third, the significantly negative
correlation existed between the blooming leaf period and the air temperature. The leaf discoloration period positively

correlated with the air temperature. However, the influence of precipitation on plant phenology was not significant. The
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spring phenology and sunshine hours showed very significantly negative correlation. Insignificant positive correlation was
observed between the autumn phenology period and sunshine hours. Finally, both the spring and the autumn phenophase
were jointly affected by the climatic factors, with air temperature as the predominant factor. The order of the explanatory
power of the influence factors on the phenological period is temperature >sunshine hours > precipitation. The rise of the
temperature during the same period plays the dominant role in advancing the tree leaf blooming period and the postponement

of the leaf color change period.

Key Words: phenology; climate change; partial least squares regression; deciduous tree
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Fig.1 The change of annual temperature, precipitation and sunshine duration in Xi'an during 1979—2018
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Table 1 Comprehensive impact of the climate factors in the leaf expansion peak period according to PLS analysis
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Blooming period VIP Populus tomentosa Pyrus betulifolia Aesculus chinensis Bothrocaryum controversum

HFEET 1.7485* 1.50984 * 1.7686 " 1.75932 "
BET 1.23267 1.21691 1.43397 1.20896
BET 1.11267 0.870659 1.29133 1.07964
RZET 1.28686 1.12485 1.05824 1.20253
HFEpP 0.458702 0.171076 0.309475 0.404419
"qEp 0.34083 0.659197 0.47302 0.070344
P 0.657485 0.600935 0.632898 0.710782
XZPp 0.591038 0.628694 0.758816 0.74
HZER 1.2071 1.27129 0.984233 1.11531
HER 0.663704 0.925119 0.791346 0.630831
®ER 0.946247 1.02398 1.04048 1.20258
XZER 0.792512 1.21467 0.234461 0.72259

# FeR I KAA ; T2 <R Temperature ; P %7K Precipitation; R ; H F&H4X Sunshine hours; PLS . i #/)» 7€ [F] ) Partial Least Squares; VIP; 48
FEZIME(H Variable importance index

8 FIF 2 RUIFKFITRXTS 4 FhTeA 22725 8 W 4 22 A0 0 52 0 Je K, 45 IR 119 VIP (ER/INHEFY Rk =
RESHFREIES>FEHBSERH BSERRS>EH BSAFTRSAFH BSFRREKSEERFKSLZE
Rk SRR ZERE K, RIS M R Xo 0 AR ST A A R e IR R KR RIRS B R RIRS>HFEH B> E R H S RS
T>HZ H S B> 4 H IS FZR K> B B K S K ZR KSR IR (B H 75 AS R R R 42
AR R RE 1 T 25 501, o & B FIAR 2 1 H RS B5O0E - -0 Bk 23 0 40 119 i B R 1 R TRk 3L, X T
RE -5 -1 A TR Y SO R T R AR SR A O

ST, 5 X X B ) e R 18 0 HE T R - > B R E50> [3 7K VA0 X A 400 0 46k A 1 52 il
KT FEK RN H RS ES 46 2 VBRI T v X R e 7 R it SO B iy, P 4720 2 S0 R 1 3 S o 1 T o
i MRS P R A A R B R,
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Fig.7 Comprehensive impact of the climate factors in the leaf Fig.8 Comprehensive impact of the climate factors in the total
expansion peak period according to PLS analysis leaf discoloration period according to PLS analysis

®2 [BEEFIHLTERHAKSHMEN PLS SiT4R

Table 2 Comprehensive impact of the climate factors in the total leaf discoloration period according to PLS analysis

M-8 @) VP TE% LAY LR ST
Whole leaf discoloration period VIP Populus tomentosa Pyrus betulifolia Aesculus chinensis Bothrocaryum controversum
BEET 1.48756 1.94863 1.17652 0.690199
B2E=T 0.941242 0.719723 0.334189 1.4099
BT 1.92495 2.26581 " 1.35158 1.73186
XFT 1.07613 0.323353 0.093486 1.01651
HEP 0.111334 0.276637 0.078193 0.636519
H2Ep 0.06561 0.785829 0.216803 0.987303
7P 0.235434 0.528095 0.33834 0.832341
XFEP 0.401166 0.022319 0.144191 0.057774
BFEFER 1.45852 1.20952 1.59619 0.360625
HER 0.702753 0.087078 1.11841 1.62626
ZE R 0.933316 0.027742 1.32693 0.782304
£ZFER 0.558962 0.040712 1.70904 * 0.200867
# FRER(E

4 Z5ie

41 #5i5

(1) FEaE 2204 39 4F VY2 1 X ASU0 2 8 TAh e 34 AF-F- 3400 A H RR B 40 o 25 0% 8l b T 3 AR oK
AR Z A, RS T R

(2)31 39 4F 4 T TR RN B 2= Y o W BE HT, $EATEE 3 2.9d/10a, FRZEY) 5 W1 HER | HER B4
g 4.5d/10a, KA BEAE K FE #4060 A7 A0 B J I 3 00 A ) A=A A8 Ak 1) i 7 B Ay e | ok R AR
0 A R R IR R BSONAE K ZR A K 1 BTRROR TR 2 R i

(3) P AAAE Y B Fn - A (3] T 1982 4F K A 564 64T e, W R &2 T g Anfk, 5k
PR SAR L JR B BT R b, 4R AT R Ny 3.8d/10a , 278 A IE J5 | 4 J5 %K 5.0d/10a ; TERI Fl 2%
SEOTTE , N B AR AT R A K, N 4.5d/10a, 4278 €6 - I () 43R S 0 K, oM 6.1d/10a, 4 Ff
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BEAH KT 5 A0 X SR A A BB B 55, Fh G T UL, SR UG R FR AR i DX S S R B AR A 10 2% SEAN [R] A% o
B A FRRRAE FIRp ] 22 53

(4)4 FIRARF =Y 5500 . H BT U OCOC R R R | H IRE S8 B W T 8Eam; /v
ARBZEY NSO H BEECR IEA SR RIS, B IRETEOY 2 BRI ILE 5 5 KT 4 FTRAR Y
EMVEHBIA R,

(5)4 Fhvg it IR SR B4 55 4 A0 0 0138 A7 [RL A< L H BRI Rk 2 G 52, 55 i) BT X6 40 46 D)
H R RERE I HET R SR> B BRAS B BEK AR 7% 75 20 40 Rk 2 00 1) 5 T il e i AP AE 25 5%, 0k
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42 e
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A ) A 10 5 i EL A Vs I A D R A e 32 IR X = S Ry R R E T . B B JT &0 3 Mgk
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SR IR IEARBOIRZS " H BRSO G, R4 1A P 7K 20 75 2, B I3 g, ok 5 T 1 e R A
WS BRI T /N A R R B 2T 45 AR s B ST A, W06 0145 R Tl Aot 301 %) [ K 22 B HE R T] A AR
St B W Gk RO X S AR SCRIF A (A R AKX AR TRIAR b ) 40 AR AR A S M A — B, R I AR
A SZ SRR 20 (R 32 B K R H R 52 | 2 22 R S f B R S R E T B 25 2R, B4 A g < fok [
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