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摘    要 
近30年来加剧的气候变化已经显著改变了北温带森林的树木物候，并对城市植被生态与景观产生长远影

响。尽管此前已有研究揭示北京地带性植被生长季与花叶物候的整体变化趋势和气候响应特征，物候响

应的种间差异及各物候阶段的响应敏感性仍有待进一步探究。聚焦1980s-2010s北京植物园45种园林树木

物候的年代际变化，旨在揭示不同树种、各物候阶段的物候响应特征和响应敏感性差异。结果表明，与

30年前相比，各树种始花期、盛花期和末花期分别平均提前10.2日、7.5日、2.4日（p<0.05），开花持续期

延长，每日同步开花树种增多；各树种展叶始期平均提前7.8日（p<0.05），秋色盛期及落叶末期分别平均

延后7日、7.8日（p<0.05），导致生长季及叶幕期显著延长（p<0.05）。以物候变化量绝对值衡量特定物候阶

段的响应敏感性，发现与其他物候阶段相比，始花期的响应敏感性最为突出且种间一致性较强，而叶衰

老物候在响应方向及程度上的种间差异最为显著，开花、展叶物候的响应差异导致8个树种的花叶时序发

生颠倒。以始花期、末花期、展叶始期及落叶末期的响应敏感性标准化值均值衡量各树种的综合物候敏

感性并作树种聚类分析，发现玉兰、紫丁香、华北珍珠梅、元宝枫、黄刺玫等树种呈高物候敏感性，文

冠果、毛泡桐、桑、碧桃、楸等树种呈低物候敏感性，且大部分树种各物候阶段的敏感性特征并不均衡，

需予以持续关注和进一步探究。面对持续变暖、极端性增强的气候变化趋势，研究结果可从树种层面为提

高北京城市植被景观与生态的气候适应性提供一定参考。
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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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专题：风景园林与气候变化 LANDSCAPE ARCHITECTURE AND CLIMATE CHANGE

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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注：Max、Mean、Min分别为日最高温、日均温、日最低温的年均值或季节均值。

表1   物候观测树种
Tab. 1   Species for phenological observation

生活型
Life form

树种名
Species name

乔木

元宝枫（Acer truncatum）、臭椿（̂Ailanthus altissima）、白桦（Betula platyphylla）、楸（Catalpa bungei）、黄金树（Catalpa speciosa）、朴树*
（Celtis sinensis）、蜡梅（̂Chimonanthus praecox）、柿*（Diospyros kaki）、白杜（Euonymus maackii）、梧桐*（Firmiana simplex）、洋白蜡

（Fraxinus pennsylvanica）、银杏*（Ginkgo biloba）、胡桃（Juglans regia）、栾（Koelreuteria paniculata）、玉兰（Yulania denudata）、西府

海棠（̂Malus × micromalus）、桑（Morus alba）、毛泡桐（̂Paulownia tomentosa）、二球悬铃木*（Platanus acerifolia）、加杨*（Populus × 
canadensis）、毛白杨（Populus tomentosa）、紫叶李（̂Prunus cerasifera ‘Atropurpurea’）、山桃（̂Prunus davidiana）

灌木

碧桃（Prunus persica ‘Duplex’）、杏（Prunus sibirica）、刺槐（Robinia pseudoacacia）、旱柳（Salix matsudana）、槐（Styphnolobium japoni-
cum）、北京丁香（Syringa reticulata subsp. pekinensis）、蒙椴（Tilia mongolica）、榆（Ulmus pumila）、文冠果（̂Xanthoceras sorbifolium）、
贴梗海棠（̂Chaenomeles speciosa）、黄栌（Cotinus coggygria）、连翘（Forsythia suspensa）、木槿（Hibiscus syriacus）、迎春（̂Jasminum 
nudiflorum）、紫薇（Lagerstroemia indica）、金银木（Lonicera maackii）、太平花（Philadelphus pekinensis）、重瓣榆叶梅（Prunus triloba 
‘Multiplex’）、黄刺玫（̂Rosa xanthina）、华北珍珠梅（Sorbaria kirilowii）、紫丁香（Syringa oblata）

藤本 紫藤（Wisteria sinensis）

注： ̂ 为秋色盛期数据缺失的树种；*为盛花期数据缺失的树种。

图1   1980 - 2010年北京年均温的变化趋势
Fig. 1   The change of annual air temperature in Beijing during 1980-2010
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2.1 各物候阶段的物候期年代际变化
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2.1.2 叶物候的年代际变化
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2.2 各物候阶段的响应敏感性差异
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图2   1980s及2010s 每日开花树种频数
Fig. 2   The frequency of daily blooming species in 1980s and 2010s

图3   各物候阶段的物候变化量绝对值
Fig. 3   The absolute value of phenological variation for various phenophases
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表2   各树种开花物候的年代际变化
Tab. 2   The interdecadal variation of flower phenophases

生活型
Life form

树种名
Species name

开花物候期及年代际变化
Flower phenology & interdecadal variation

始花期/DOY
First flowering date

盛花期/DOY
Peak flowering date

末花期/DOY
End flowering date

开花持续期/日
Flowering duration

1980s 2010s ∆ 1980s 2010s ∆ 1980s 2010s ∆ 1980s 2010s ∆

乔木

元宝枫 107.0 87.0 -20.0 108.0 101.3 -6.8 121.0 114.5 -6.5 14.0 27.5 13.5
臭椿 147.0 136.0 -11.0 150.0 143.3 -6.7 154.0 151.5 -2.5 7.0 15.5 8.5
白桦 104.0 98.7 -5.3 121.0 103.0 -18.0 113.0 104.3 -8.7 9.0 5.7 -3.3
楸 121.0 114.0 -7.0 123.0 112.9 -10.1 128.0 125.0 -3.0 7.0 11.0 4.0

黄金树 146.0 134.5 -11.5 150.0 141.5 -8.5 156.0 151.0 -5.0 10.0 16.5 6.5
朴树 99.0 95.0 -4.0 \ \ \ 103.0 97.5 -5.5 4.0 2.5 -1.5
蜡梅 63.0 56.0 -7.0 70.0 69.2 -0.8 85.0 90.7 5.7 22.0 34.7 12.7
柿 139.0 130.0 -9.0 \ \ \ 149.0 139.0 -10.0 10.0 9.0 -1.0

白杜 144.0 133.0 -11.0 145.0 143.3 -1.8 158.0 153.7 -4.3 14.0 20.7 6.7
梧桐 172.0 165.0 -7.0 \ \ \ 190.0 187.0 -3.0 18.0 22.0 4.0

洋白蜡 103.0 91.0 -12.0 106.0 94.3 -11.7 109.0 103.5 -5.5 6.0 12.5 6.5
银杏 110.0 105.0 -5.0 \ \ \ 119.0 112.0 -7.0 9.0 7.0 -2.0
胡桃 112.0 101.5 -10.5 114.0 101.5 -12.5 123.0 109.5 -13.5 11.0 8.0 -3.0
栾 156.0 146.5 -9.5 164.0 155.0 -9.0 179.0 173.2 -5.8 23.0 26.7 3.7

玉兰 96.0 79.4 -16.6 100.0 87.6 -12.5 109.0 98.1 -10.9 13.0 18.7 5.7
西府海棠 109.0 96.8 -12.3 111.0 104.5 -6.5 119.0 112.5 -6.5 10.0 15.8 5.8

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

二球悬铃木 111.0 106.0 -5.0 \ \ \ 120.0 115.0 -5.0 9.0 9.0 0.0
        加杨 85.0 79.0 -6.0 \ \ \ 94.0 91.5 -2.5 9.0 12.5 3.5

毛白杨 82.0 75.0 -7.0 84.0 79.5 -4.5 90.0 87.7 -2.3 8.0 12.7 4.7
紫叶李 103.0 90.0 -13.0 107.0 91.4 -15.6 115.0 104.8 -10.2 12.0 14.8 2.8
山桃 89.0 76.1 -12.9 90.0 81.4 -8.6 97.0 93.4 -3.6 8.0 17.3 9.3
碧桃 111.0 101.3 -9.7 113.0 111.4 -1.6 129.0 129.5 0.5 18.0 28.2 10.2
山杏 95.00 84.25 -10.8 99.0 89.1 -9.9 101.00 97.0 -4.0 6.0 12.8 6.75
刺槐 125.0 118.2 -6.8 128.0 123.4 -4.6 134.0 131.8 -2.2 9.0 13.7 4.7
旱柳 98.0 87.7 -10.3 101.0 89.5 -11.5 105.0 96.7 -8.3 7.0 9.0 2.0

华北珍珠梅 195.0 181.0 -14.0 208.0 211.0 -3.0 236.0 248.0 12.0 41.0 67.0 26.0
北京丁香 145.0 134.7 -10.3 150.0 147.3 -2.7 160.0 159.0 -1.0 15.0 24.3 9.3

蒙椴 164.0 155.5 -8.5 170.0 161.0 -9.0 182.0 181.0 -1.0 18.0 25.5 7.5
榆树 82.0 70.3 -11.8 84.0 76.5 -7.5 85.0 87.3 2.3 3.0 17.0 14.0
文冠果 116.0 107.0 -9.0 120.0 114.4 -5.6 129.0 127.0 -2.0 13.0 20.0 7.0

灌木

贴梗海棠 101.0 92.3 -8.8 105.0 101.5 -3.5 122.0 116.0 -6.0 21.0 23.8 2.8
黄栌 117.0 106.0 -11.0 125.0 113.5 -11.5 128.0 120.3 -7.8 11.0 14.3 3.3
连翘 92.0 79.4 -12.6 95.0 88.1 -6.9 118.0 113.0 -5.0 26.0 33.6 7.6
木槿 176.0 161.0 -15.0 206.0 193.3 -12.8 262.0 272.3 10.3 86.0 111.3 25.3
迎春 82.0 70.1 -11.9 90.0 82.0 -8.0 103.0 108.6 5.6 21.0 38.4 17.4
紫薇 190.0 173.1 -16.9 206.0 191.2 -14.8 256.0 262.5 6.5 66.0 89.4 23.4

金银木 127.0 114.9 -12.1 130.0 122.5 -7.5 138.0 133.1 -4.9 11.0 18.2 7.2
太平花 140.0 133.3 -6.7 143.0 143.0 0.0 160.0 156.4 -3.6 20.0 23.1 3.1

重瓣榆叶梅 102.0 90.5 -11.5 107.0 99.4 -7.6 112.0 112.3 0.3 10.0 21.8 11.8
黄刺玫 119.0 107.4 -11.6 129.0 115.5 -13.5 132.0 127.5 -4.5 13.0 20.1 7.1

华北珍珠梅 156.0 146.5 -9.5 163.0 156.7 -6.3 259.0 304.0 45.0 103.0 157.5 54.5
紫丁香 106.0 92.5 -13.5 110.0 105.6 -4.4 119.0 112.0 -7.0 13.0 19.5 6.5

藤本 紫藤 119.0 106.9 -12.1 123.0 119.3 -3.7 136.0 125.6 -10.4 17.0 18.6 1.6
注：“\”指盛花期数据缺失。
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表3   各树种叶物候的年代际变化
Tab. 3   The interdecadal variation of leaf phenophases

生活型
Life form

树种名
Species name

叶物候期及年代际变化

Leaf phenology and interdecadal variation
展叶始期/DOY

First leafing unfolding
秋色盛期/DOY

Peak of leaf coloration
落叶末期/DOY
End of leaf fall

生长季/日
Growing season length

叶幕期/日
Canopy duration

1980s 2010s ∆ 1980s 2010s ∆ 1980s 2010s ∆ 1980s 2010s ∆ 1980s 2010s ∆

乔木

元宝枫 109.0 100.2 -8.8 297.0 305.2 8.2 309.0 315.1 6.1 188.0 204.9 16.9 200.0 214.9 14.9
臭椿 112.0 107.8 -4.3 \ \ \ 293.0 303.5 10.5 \ \ \ 181.0 195.8 14.8
白桦 104.0 93.5 -10.5 279.0 288.5 9.5 285.0 297.3 12.3 175.0 195.0 20.0 181.0 203.8 22.8
楸 105.0 101.7 -3.3 294.0 298.0 4.0 295.0 302.5 7.5 189.0 196.3 7.3 190.0 200.8 10.8

黄金树 113.0 104.0 -9.0 264.0 292.5 28.5 288.0 302.0 14.0 151.0 188.5 37.5 175.0 198.0 23.0
朴树 104.0 90.9 -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
蜡梅 104.0 94.0 -10.0 \ \ \ 339.0 349.5 10.5 \ \ \ 235.0 255.5 20.5
柿 106.0 100.5 -5.5 295.0 296.0 1.0 302.0 302.8 0.8 189.0 195.5 6.5 196.0 202.3 6.3

白杜 100.0 87.5 -12.5 307.0 313.8 6.8 312.0 314.5 2.5 207.0 226.3 19.3 212.0 227.0 15.0
梧桐 120.0 110.8 -9.3 306.0 309.7 3.7 312.0 319.5 7.5 186.0 198.9 12.9 192.0 208.8 16.8
洋白蜡 101.0 95.0 -6.0 278.0 293.6 15.6 289.0 303.1 14.1 177.0 198.6 21.6 188.0 208.1 20.1
银杏 104.0 94.8 -9.3 295.0 303.7 8.7 309.0 314.1 5.1 191.0 209.0 18.0 205.0 219.3 14.3
胡桃 103.0 99.5 -3.5 302.0 313.0 11.0 304.0 320.5 16.5 199.0 213.5 14.5 201.0 221.0 20.0
栾 103.0 99.8 -3.3 300.0 303.2 3.2 305.0 312.3 7.3 197.0 203.4 6.4 202.0 212.6 10.6

玉兰 106.0 94.7 -11.3 303.0 303.0 0.0 309.0 313.8 4.8 197.0 208.3 11.3 203.0 219.0 16.0
西府海棠 94.0 83.3 -10.7 \ \ \ 327.0 324.0 -3.0 \ \ \ 233.0 240.7 7.7

桑 108.0 109.5 1.5 303.0 308.6 5.6 309.0 312.0 3.0 195.0 199.1 4.1 201.0 202.5 1.5
泡桐 118.0 112.8 -5.2 \ \ \ 311.0 319.0 8.0 \ \ \ 193.0 206.2 13.2

二球悬铃木 112.0 101.7 -10.3 301.0 309.7 8.7 323.0 346.5 23.5 189.0 208.0 19.0 211.0 244.8 33.8
加杨 101.0 94.5 -6.5 299.0 308.8 9.8 309.0 322.3 13.3 198.0 214.3 16.3 208.0 227.8 19.8

毛白杨 106.0 99.1 -6.9 312.0 317.5 5.5 321 327 6.0 206.0 218.4 12.4 215.0 227.9 12.9
紫叶李 101.0 90.8 -10.2 \ \ \ 324.0 327.5 3.5 \ \ \ 223.0 236.7 13.7
山桃 100.0 88.7 -11.3 \ \ \ 311.0 322.3 11.3 \ \ \ 211.0 233.6 22.6
碧桃 105.0 104.7 -0.3 294.0 310.8 16.8 306.0 318.0 12.0 189.0 206.1 17.1 201.0 213.3 12.3
山杏 110.0 96.5 -13.5 316.0 313.5 -2.5 320.0 317.0 -3.0 206.0 217.0 11.0 210.0 220.5 10.5
刺槐 111.0 105.5 -5.5 297.0 303.5 6.5 311.0 320.3 9.3 186.0 198.0 12.0 200.0 214.8 14.8
旱柳 92.0 80.9 -11.1 312.0 321.9 9.9 326.0 335.6 9.6 220.0 241.0 21.0 234.0 254.7 20.7

华北珍珠梅 112.0 108.5 -3.5 316.0 319.0 3.0 324.0 329.1 5.1 204.0 210.5 6.5 212.0 220.6 8.6
北京丁香 95.0 88.8 -6.2 302.0 306.5 4.5 308.0 313.5 5.5 207.0 217.7 10.7 213.0 224.7 11.7
蒙椴 104.0 90.9 -13.1 282.0 292.9 10.9 288.0 300.3 12.3 178.0 202.0 24.0 184.0 209.3 25.3
榆树 101.0 95.5 -5.5 310.0 317.3 7.3 321.0 325.5 4.5 209.0 221.8 12.8 220.0 230.0 10.0

文冠果 115.0 110.5 -4.5 \ \ \ 303.0 303.0 0.0 \ \ \ 188.0 192.5 4.5

灌木

贴梗海棠 85.0 79.0 -6.0 \ \ \ 308.0 333.0 25.0 \ \ \ 223.0 254.0 31.0
黄栌 105.0 94.0 -11.0 298.0 304.8 6.8 315.0 320.7 5.7 193.0 210.8 17.8 210.0 226.7 16.7
连翘 105.0 94.6 -10.4 298.0 302.3 4.3 308.0 312.0 4.0 193.0 207.7 14.7 203.0 217.4 14.4
木槿 114.0 103.7 -10.3 303.0 301.0 -2.0 311.0 307.0 -4.0 189.0 197.3 8.3 197.0 203.3 6.3
迎春 103.0 90.5 -12.5 \ \ \ 319.0 330.0 11.0 \ \ \ 216.0 239.5 22.7
紫薇 121.0 113.5 -7.5 290.0 297.0 7.0 303.0 303.0 0.0 169.0 183.5 14.5 182.0 189.5 7.5
金银木 97.0 86.8 -10.3 301.0 319.0 18.0 321.0 321.5 0.5 204.0 232.3 28.3 224.0 234.8 10.8
太平花 96.0 91.8 -4.3 300.0 304.0 4.0 308.0 324.5 16.5 204.0 212.3 8.3 212.0 232.8 20.8

重瓣榆叶梅 105.0 95.4 -9.6 298.0 306.3 8.3 308.0 304.7 -3.3 193.0 210.9 17.9 203.0 209.3 6.3
黄刺玫 97.0 86.0 -11.0 \ \ \ 314.0 334.0 20.0 \ \ \ 217.0 248.0 31.0

华北珍珠梅 91.0 88.5 -2.5 309.0 320.0 11.0 318.0 321.5 3.5 218.0 231.5 13.5 227.0 233.0 6.0
紫丁香 97.0 84.0 -13.0 303.0 301.5 -1.5 309.0 322.0 13.0 206.0 217.5 11.5 212.0 238.0 26.0

藤本

（1种）
紫藤 112.0 110.0 -2.0 309.0 312.3 3.3 314.0 330.0 16.0 197.0 202.3 5.3 202.0 220.0 18.0

注：“\”指秋色盛期及生长季数据缺失。
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Fig. 4   The Hieratical clustering of phenological sensitivity for different species
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图5   各群组树种物候敏感性特征
Fig. 5   Characteristics of phenological sensitivity for the species in different clusters

5
注：FFD为始花期、PFD为盛花期、FLU为展叶始期、ELF为落叶末期。
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