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Interdecadal Variation of Tree Phenology in Beijing: The Species-Specific
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Abstract

Climate change has significantly shifted tree phenology in the Northern Hemisphereand brought cascading impacts on the ecol-
ogy and landscape of urban vegetation. Though extensive research has revealed the general trend of phenological variation and
response pattern of Beijing’s regional vegetation, the interspecific difference in the phenophase-specific phenological response
still needs further exploration. This research explored the interdecadal phenological variation of 45 woody species in Beijing
Botanical Garden between the 1980s and 2010s, to reveal the phenological response characteristics and response sensitivity of
various species for diverse phenophases. Based on the species-average value, compared with thirty years ago, flower pheno-
phases - first flowering date (FFD), peak flowering date (PFD), and end of flowering date (EFD) advance by 10.2 days, 7.5 days,
and 2.4 days respectively (p<0.05), which caused extension of flower duration and increase in daily frequency of simultaneous
blooming species. As to leaf phenophases, first leaf unfolding (FLU) advanced by 7.8 days (p<0.05), peak leaf colouration (PLC)
and end of leaf fall (ELF) delayed by 7 days and 7.8 days, respectively (p<0.05), leading to the extension of the growing season

and canopy duration (p<0.05). The response sensitivity for a certain phenophase was evaluated with the absolute phenological
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variation (APV) value. Compared with other phenophases, FFD showed the most prominent phenological sensitivity and higher

interspecific consistency in the response, while a much larger interspecific diversity in phenological sensitivity existed in leaf

senescence, and the divergent phenological variation between FFD and FLU caused a reversal of leaf-flower sequence for eight

species. For species clustering analysis, the comprehensive phenological sensitivity was measured with the average APV of four

non-linear phenophases (FFD, EFD, FLU, ELF). The species with high-level comprehensive phenological sensitivity included

Yulania denudata, Syringa oblata, Sorbaria kirilowii, Acer truncatum, Rosa xanthina, etc.; the species with low-level pheno-

logical sensitivity involved Xanthoceras sorbifolium, Paulownia tomentosa, Morus alba, Prunus persica ‘Duplex’, Catalpa

bungei, etc. Most species performed unbalanced phenological sensitivity among different phenophases. Confronted with the

challenges of changing climate with irreversible warming trends and increasing extremity, the research results could provide a

reference for species selection to improve climate adaptation of Beijing’s urban vegetation.

Keywords

tree phenology; interdecadal variation; interspecific difference; phenopahses; response sensitivity.
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Fig. 1 The change of annual air temperature in Beijing during 1980-2010
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Tab. 1 Species for phenological observation

U (T Q1, <25%). T=iEasusiE
(Q2-03,50% ~ 75%). HvEepEsURE (Q1-Q2,
25% ~ 50%). EHBEIHTLESPSS 220 H5ERK.

2HRER

1980-20204F, JERMXHIESR. &
FIR. BEFR. MEBNLEEY
EREEMBEE (A), FHTUESFIH
0041C, 0053C, 0046°C, 0033C, 0027C,
FAF1980s-2010s It R Z2A B TR ER,
ESFHER AR,

4R

Life form

CSELE]

Species name

TCFEM (Acer truncatum) . Bkg" (dilanthus altissima) . [FARE (Betula platyphylla) . %k (Catalpa bungei) . ¥4t (Catalpa speciosa) . FMxt*
(Celtis sinensis) . W#g"~ (Chimonanthus praecox) . ¥i* (Diospyros kaki) . FAKL: (Euonymus maackii) . ¥6Hi* (Firmiana simplex) . {17

ik

(Fraxinus pennsylvanica) , F5* (Ginkgo biloba) . HHk (Juglans regia) . 28 (Koelreuteria paniculata) . E>% (Yulania denudata) . VE)FF

5N (Malus < micromalus) . & (Morus alba) . EIHF" (Paulownia tomentosa) . —FREAAA* (Platanus acerifolia) . Iikg* (Populus x
canadensis) ., B (Populus tomentosa) . SMZ5" (Prunus cerasifera ‘Atropurpurea’) . LK™ (Prunus davidiana)

ZHPk (Prunus persica ‘Duplex’) . 7% (Prunus sibirica) . ##% (Robinia pseudoacacia) . M0 (Salix matsudana) . #% (Styphnolobium japoni-
cum) . ALF T (Syringa reticulata subsp. pekinensis) . %tk (Tilia mongolica) . ¥y (Ulmus pumila) . SCEFRN (Xanthoceras sorbifolium) |

HEA

NWEAS 3" (Chaenomeles speciosa) . ¥4 (Cotinus coggygria) . %3 (Forsythia suspensa) . A# (Hibiscus syriacus) . W& (Jasminum

nudiflorum) . *59% (Lagerstroemia indica) . 45RAK (Lonicera maackii) . K¥4E (Philadelphus pekinensis) . Mg (Prunus triloba
‘Multiplex’) ., EHIE" (Rosa xanthina) . TeALILEMG (Sorbaria kirilowii) . %1% (Syringa oblata)

A

Lk (Wisteria sinensis)

& NARE BIARAE S R AORAT 5 ¥ A BAEINBAE S R ABEAT,
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Fig. 2 The frequency of daily blooming species in 1980s and 2010s
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Fig. 3 The absolute value of phenological variation for various phenophases

2.1 BRI ER AR ER IR
211 FFIEIERIER IR

2010s 519805 4B EL, 451300 S A% A ) 2%
B & BERA (0<005), FIEFRFEH
BELK (p<006), BHFPETEIAZ4 ~ 206
FNEREIRAL FIUIRAT102+348 5 &
THT N ESHEHRTHEZ BEIEHAX
(p<005), FIRET75+45H, BEBEE
HTEE S, HAMMREERE0 ~ 18812
Al ENFARILHTEIRAT24£88 0, HA
361 (80%) MFRRIARIEIAZT ~ 135 1241,
AL TR EIZ 45 BRmiE /5, &
FWME03 ~ RHNAREHLEE. BTH
IR E BEATHREH, YN
FHS YK T 782960, HH40D
(889%) WFRRIFFEIFELHILERO ~ 60 %
5458 (£LAEBRG), HpRIMEFFERTE:
HI271 ~ 3PS LR, TR EIRIE
WFR2,

SHIHEL &, 1980s-2010s 4652
SENEEFERTRE R0 (0<001).

24 |4

WME2AT7R, 1980sHEZFF L IEHA D81 ZE
D174 35457 H, DN9OF 4N F[E 5 FF
T ; 2010s FIEZFHEIEHA M D69 Z D129 245
%618, DI0SDIE 7 MFELHE. 5
1980s48LL, 2010s FF AL IE ERAFC iR R AN 45 3R
B BEIRR], TR RISBREHT K,
I BN B A R R (E G AN, 1A
SRAEHFEF G295, R0
FRATNEENEZTEMIRA. TR,
BRI ige. i, EMEHPhATEE
K, SREAENFERILS, RPSIETE
N MEREMEF RN F =TGR,

2.1.2 HYHRAERIF L

2010s 51980848 tb, 45/ 0 T 4% Fh 59
Rt EEA ERERA (p<009), I3
ZYEEBELRE (0<005), HEHEEK
FRZLEK (p<006). BHFHRMIEHIFE
RHT78437H, BRILFIO6H, HAEWM
HIEMEE 203 ~ B5H12FT. WFi3=
EZPR, MEERBIHEFET61H, HAp

e R B TR P [T | R L R
L R U LS T :

Wylei B

32 (914%) HFHIEBERIAE/F0 ~ 188
&858 (BEH), ERMNMNMERMZ
15 ~ 25 BRIRSHIRRT. SRR ARIAE
REFZENESHERIZ BEEEX T
FEFT8+67H, EHARAA (911%) HWHEITE
MARHAIE/F0 ~ 258, HEMFEEHRE
23 ~ ARMEEHIRZAT. ZRTYBRERE
BUANM R E YRR SRR, S
MR AKSH BIZEKTS ~ 3388 (F4
166+73H). 41 ~ 3758 (F15148+68H),
SEAEWEAME R0 B EK E 2705
H. BHREKSHBI0BEKE2429H, It
PEREIRIEINRS.

2.2 ZYMEMER RN SRt =R
PEIIE B EE (APY) HERY)
ENEBEN FREF RN BV, 1A
WAV ERES TR, ReH
HIAPVIE 2R T EARBER (0<005), T
RAH. RIHeH. ERREHREN
AVEAPIEKF AR ELEEEER (E3).



JCREMRAYHEER RS —— SR RAORFINRL | AN % Bk / 20235 /58405 /5813

K2 BRFFEMRNERREL

Tab.2 The interdecadal variation of flower phenophases

FEMERARERREZNL

Flower phenology & interdecadal variation

N==F.] g
i Ja7E /DY BALHH/DOY HTEHB/DOY TR
First flowering date Peak flowering date End flowering date Flowering duration

1980s  2010s A 1980s  2010s A 1980s  2010s A 1980s  2010s A
JLEM 107.0 87.0 -20.0 108.0 101.3 -6.8 121.0 114.5 -6.5 14.0 27.5 13.5

B 147.0 136.0 -11.0 150.0 143.3 -6.7 154.0 151.5 -2.5 7.0 15.5 8.5

I HE 104.0 98.7 -5.3 121.0 103.0 -18.0 113.0 104.3 -8.7 9.0 5.7 -3.3

K 121.0 114.0 -7.0 123.0 112.9 -10.1 128.0 125.0 -3.0 7.0 11.0 4.0

WA 146.0 134.5 -11.5 150.0 141.5 -8.5 156.0 151.0 -5.0 10.0 16.5 6.5

K 99.0 95.0 -4.0 \ \ \ 103.0 97.5 -5.5 4.0 2.5 -1.5
T g 63.0 56.0 -7.0 70.0 69.2 -0.8 85.0 90.7 5.7 22.0 34.7 12.7
fiti 139.0 130.0 -9.0 \ \ \ 149.0 139.0 -10.0 10.0 9.0 -1.0

SN 144.0 133.0 -11.0 145.0 1433 -1.8 158.0 153.7 -4.3 14.0 20.7 6.7

FEAR 172.0 165.0 -7.0 \ \ \ 190.0 187.0 -3.0 18.0 22.0 4.0

PES] o 103.0 91.0 -12.0 106.0 94.3 -11.7 109.0 103.5 -5.5 6.0 12.5 6.5

Ay 110.0 105.0 -5.0 \ \ \ 119.0 112.0 -7.0 9.0 7.0 -2.0

ARk 112.0 101.5 -10.5 114.0 101.5 -12.5 123.0 109.5 -13.5 11.0 8.0 -3.0

pais} 156.0 146.5 -9.5 164.0 155.0 -9.0 179.0 173.2 -5.8 23.0 26.7 3.7

e = 96.0 79.4 -16.6 100.0 87.6 -12.5 109.0 98.1 -10.9 13.0 18.7 5.7

P Jef 5 109.0 96.8 -12.3 111.0 104.5 -6.5 119.0 112.5 -6.5 10.0 15.8 5.8

A £ 110.0 102.0 -8.0 115.0 109.5 -5.5 121.0 115.7 -5.3 11.0 13.7 2.7
A 113.0 108.3 -4.8 118.0 119.5 1.5 136.0 133.7 2.3 23.0 25.4 2.4

TEREE K 111.0 106.0 -5.0 \ \ \ 120.0 115.0 -5.0 9.0 9.0 0.0

i 85.0 79.0 -6.0 \ \ \ 94.0 91.5 -2.5 9.0 12.5 3.5

EAY 82.0 75.0 -7.0 84.0 79.5 -4.5 90.0 87.7 -2.3 8.0 12.7 4.7

Ay 103.0 90.0 -13.0 107.0 914 -15.6 115.0 104.8 -10.2 12.0 14.8 2.8

LL#k 89.0 76.1 -12.9 90.0 81.4 -8.6 97.0 93.4 -3.6 8.0 17.3 9.3
bk 111.0 101.3 -9.7 113.0 111.4 -1.6 129.0 129.5 0.5 18.0 28.2 10.2
i 95.00 84.25 -10.8 99.0 89.1 -9.9 101.00 97.0 -4.0 6.0 12.8 6.75

HlAR 125.0 118.2 -6.8 128.0 123.4 -4.6 134.0 131.8 2.2 9.0 13.7 4.7

Ll 98.0 87.7 -10.3 101.0 89.5 -11.5 105.0 96.7 -8.3 7.0 9.0 2.0
1L Bt 195.0 181.0 -14.0 208.0 211.0 -3.0 236.0 248.0 12.0 41.0 67.0 26.0

IETH 145.0 134.7 -10.3 150.0 147.3 -2.7 160.0 159.0 -1.0 15.0 243 9.3

g3 164.0 1555 -8.5 1700  161.0 9.0 182.0  181.0 -1.0 18.0 25.5 7.5
Farkat 82.0 70.3 -11.8 84.0 76.5 -1.5 85.0 87.3 2.3 3.0 17.0 14.0

R 116.0 107.0 -9.0 120.0 114.4 -5.6 129.0 127.0 -2.0 13.0 20.0 7.0

T 3 5 101.0 92.3 -8.8 105.0 101.5 -3.5 122.0 116.0 -6.0 21.0 23.8 2.8

WA 117.0 106.0 -11.0 125.0 113.5 -11.5 128.0 120.3 -7.8 11.0 14.3 33

e ) 92.0 79.4 -12.6 95.0 88.1 -6.9 118.0 113.0 -5.0 26.0 33.6 7.6
At 176.0 161.0 -15.0 206.0 193.3 -12.8 262.0 272.3 10.3 86.0 111.3 253
mE 82.0 70.1 -11.9 90.0 82.0 -8.0 103.0 108.6 5.6 21.0 384 17.4
5 £ 190.0 173.1 -16.9 206.0 191.2 -14.8 256.0 262.5 6.5 66.0 89.4 23.4
A SRR 127.0 114.9 -12.1 130.0 122.5 -1.5 138.0 133.1 -4.9 11.0 18.2 7.2
KA 140.0 133.3 -6.7 143.0 143.0 0.0 160.0 156.4 -3.6 20.0 23.1 3.1
A A 102.0 90.5 -11.5 107.0 99.4 -7.6 112.0 112.3 0.3 10.0 21.8 11.8

I 119.0 107.4 -11.6 129.0 115.5 -13.5 132.0 127.5 -4.5 13.0 20.1 7.1
Aedb S Bt 156.0 146.5 9.5 163.0 156.7 -6.3 259.0 304.0 45.0 103.0 157.5 54.5

BTH 106.0 92.5 -13.5 110.0 105.6 -4.4 119.0 112.0 -7.0 13.0 19.5 6.5

[F%N i 119.0 106.9 -12.1 123.0 119.3 -3.7 136.0 125.6 -10.4 17.0 18.6 1.6

NV BB R,
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Tab. 3 The interdecadal variation of leaf phenophases

MR R FRFEEN
Leaf phenology and interdecadal variation

4R SELE

. . it HR/DOY k& EX HR/DOY &Mk #3/DOY H+KZF/H HEE/8
Life form - Species name Firf Ietlfizg unfolding Pe:Ii\of leaf coloration En-gff leaf fall Growing seion length Can-[c;;#y duration
1980s 2010s A 1980s 2010s A 1980s 2010s A 1980s 2010s A 1980s 2010s A
TEEM 109.0 1002 -8.8 297.0 305.2 8.2 309.0 315.1 6.1 188.0 2049 169 200.0 2149 149
B 112.0 107.8 43 \ \ \ 293.0 3035 105 \ \ \ 181.0 1958 148
e 1040 935 -10.5 279.0 288.5 9.5 285.0 2973 123 1750 1950 20.0 181.0 203.8 22.8
Hik 105.0 101.7 -33 2940 298.0 4.0 295.0 302.5 7.5 189.0 196.3 7.3 190.0 200.8 10.8
A 113.0 1040 -9.0 2640 2925 285 288.0 3020 14.0 151.0 1885 37,5 1750 198.0 23.0
F Pt 1040 909 -13.1 306.0 307.0 1.0 317.0 321.0 4.0 202.0 216.1 14.1  213.0 230.1 17.0
Ut 1040 94.0 -10.0 \ \ \ 339.0 3495 105 \ \ \ 235.0 2555 205
Hiti 106.0 100.5 -5.5 2950 296.0 1.0 302.0 302.8 0.8 189.0 195.5 6.5 196.0 202.3 6.3
A 100.0 87,5 -12.5 307.0 3138 6.8 312.0 3145 2.5 207.0 2263 193 212.0 227.0 15.0
FEAR 120.0 110.8 -93  306.0 309.7 3.7 312.0 3195 7.5 186.0 1989 129 192.0 208.8 16.8
ER 101.0  95.0 -6.0 278.0 293.6 15.6 289.0 303.1 141 177.0 198.6 21.6 188.0 208.1 20.1
Ry 1040 94.8 93 2950 303.7 8.7 309.0 314.1 5.1 191.0 209.0 18.0 205.0 2193 143
ARk 103.0  99.5 -3.5 3020 313.0 11.0 304.0 3205 165 199.0 2135 145 201.0 221.0 20.0
Fals3 103.0 99.8 -3.3 3000 303.2 32 305.0 3123 7.3 197.0 203.4 6.4 202.0 212.6 10.6
£ 106.0 947 -11.3 303.0 303.0 0.0 309.0 3138 4.8 197.0 2083 11.3 203.0 219.0 16.0
VH 5 94.0 833  -10.7 \ \ \ 327.0 3240 -3.0 \ \ \ 233.0 240.7 7.7
A £ 108.0 109.5 1.5 303.0 308.6 5.6 309.0 312.0 3.0 195.0 199.1 4.1 201.0 2025 1.5
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