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Responses of phenology to climate change in Zhengzhou area
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Abstract Statistic and abrupt analysis methods are applied to investigate tendencies of climate change during 1956 —2003
and phenology of four kinds of trees in 1986 — 2003  as well as the correlations with mean temperature and sunshine
duration and afterwards are discussed the tendencies of the responses of phenological events to temperature change

together with their differences in abrupt change in tendencies and linkage. Results show that 1 1956 —2003 temperature
in the study area has risen significantly in spring and winter in contrast to the summer equivalent that has dropped
somewhat sunshine duration has declined most appreciably in summer next being that in winter as opposed to the weak
rise occurring from February to April during this period 2 the occurrence of phenological events Leaf spreading and
Flowering is advanced markedly and so is the Fruit ripening except Melia azedarach as opposed to a little delay of leaf fall
time but the leaf growing stage is prolonged and particularly from the mid 1990s spring events except Salix babylonica
L. are about 10 days in advance and leaf greening is kept longer some 15 days 3 average temperature is a climate
factor greatly affecting the phenology but sunshine duration plays a minor role except during the autumn when leaves begin

falling. On a phenological basis it is found that a about 6-day interval in advance that leads to the extension of green leaves
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by 9.5 - 18. 6 days occurs for every 1°C rise in spring. Generally the sudden change in phenology appears after that in
temperature and the curve after abrupt point shows temperature rise for spring phenological events happening in advance
and longer green-leaf stage. As a result the phenological response to climate change is remarkable and through study to
understand the relations between climate and phenology it is likely to provide some theoretical basis for agricultural practice

and the monitoring and assessment of ecological environment.
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Table 1 Tendency rate of meteorological factors during 1956 ~ 2003
Item Annual Spring Summer Autumn Winter
Temperature 0.032 """ 0.027 *** -0.006 """ 0.019 *** 0.032 "~
Precipitation -0.007 *** -0.004 *** -0.007 *** -0.004 *** 0.009 ***
Sunshine hours -0.052 """ -0.024 " —-0.045 """ -0.031 """ —-0.042 "
% % % 0.005 The linear trend tests are significant p < 0.005 * * =
4
2 4
1
0.09 ~0.1 0.13
3 0.2
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2 4 1986 ~2003
Table 2 Phenological events variation for four kinds of woody plants during 1986 ~ 2003

Ttem Pl P2 P3 P4 Ps
Wl Average date 98 61 67 333 240
Standard deviation 7.38 5.71 5.10 4.85 10.42
Trend ~0.10** -0.06 -0.02 = 0.09*** 0.14 %
w2 Average date 73 82 98 342 276
Standard deviation 10.34 10.29 14.37 8.61 12.44
Trend ~0.09** —0.13** -0.09** 0.05*** 0.12%*
w3 Average date 109 124 284 314 211
Standard deviation 5.99 6.37 13.81 5.76 9.38
Trend ~0.10""" ~0.10 %" 0.03 = 0.01 0.09 ***
W4 Average date 101 116 248 326 228
Standard deviation 7.79 6.33 11.09 10. 44 16.06
Trend ~0.10*"" ~0.10*"* ~0.20"" 0.10**" 0.15%*"
Wl Populus tomentosa Carr. W2 Salix babylonica L. W3 melia azedarach W4 Robinia pseudoacacia L. Pl leaf
spreading P2 full flowering P3 fruit ripping P4 leaf shedding PS leaf green phase the same below
O 0.05 0.01 0.005 The correlation coefficients are significant with p< 0.05 * p< 0.01 =

*  p<0.005 = % =
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Fig. 1 Departures of leaf spreading a and full flowering phase b for four kinds of wood plants from 1986 to 2003
0.05 Wi W2 w3 W4 The oblique lines

represent the trends and all of them are significant at a level of 0.05 W1 to W4 are same as table 2
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Table 3 Correlation coefficients between meteorological factors and phenological phases of four kinds of wood plants
Meteorological factors Species Pl P2 F3 P4 b5

Tl w1 -0.71"" -0.83 """ -0.64 """ 0.16
w2 -0.62""" -0.76 """ —-0.56 -0.00
W3 -0.84"" -0.72"* 0.17 0.12
W4 -0.68 """ -0.83 " -0.15 0.35

T3 Wi -0.62""" -0.66 """ -0.52 = 0.26
w2 -0.72"* -0.82"" -0.74 """ 0.36
W3 -0.81""" -0.79 """ 0.43 0.18
W4 -0.83 " -0.87 """ -0.25 0.45

T1-12 w1 0.518 =

w2 0.713 ***
W3 0.572"**
W4 0.682 """

Sl w1 -0.19 -0.27 -0.45 = -0.26
w2 -0.42 —-0.58 0.00 0.34
W3 -0.40 -0.19 0.08 0.49
w4 -0.09 -0.30 0.44 -0.37

S3 W1 -0.07 -0.30 -0.52 = -0.69
w2 0.22 -0.39 -0.37 -0.07
W3 -0.46 = -0.11 0.07 0.54 =
W4 0.07 -0.09 0.42 -0.08

S1-12 w1 ~0.45 %
w2 -0.18
W3 -0.08
W4 -0.19
T1 73 T1 -12 1 3 S T1 and T3 are average temperatures of the

one and three months before the phenophases respectively

T1 —12 Annual mean temperature Sunshine hours S is represented in the same way as

temperature the same below
2.3
48a
4
Ad = AP/AT d/C Ad
1 1°C
~1.9d 3 1C
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Table 4 The change tendency of phenophases according with air

temperature d/C

Species Pl P2 P5
1o T1 W1 -2.8"" -2.7"
w2 -3.6""" -4.6"""
M-K Wi oo a e
1 3 W4 -2.8%%* -2.8%*"
UF T3 Wi -3.6""" -4.0"""
uv w2 -7.9"" -9.0"*"
w3 -3.8"" -3.9"
w4 -5.1"" -4.3""
T1 -12 W1 9.6
w2 15.7 7
2 5 2 w3 9.5""
1993 1994 W 186"
~1995
80 25 26
1994 ~ 1995 1989 1997
1 3 1
5
5 1 3
Table 5 Jump points of leaf spreading full flowering and temperatures in the former one and three months
T1 Pl T1-3 Pl P1 T P2 T1-3 P2 P2
Wi 1998 1994 2000 1993 1995 1992 1994 1997 2001
W2 1993 1995 1992 1993 1993 1995 1992 1992
w3 1998 1994 1999 1990 1995 2000
W4 1998 1994 2000 1998 1994 1997
T P1 T1-3 Pl Pl 1 3 T P2 T1-3 P2 P2 1 3

T1 P1 T1 -3 P1 represent the jump points of temperature in one and three months before leaf spreading phase T1 P2 T1 -3 P2

are those before full flowering phase

1986 ~2003
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Fig. 2 M-K statistic curves for leaf green phase and annual average
4 temperature are shown in a and b
1 1956 ~2003 UF UV Wl W2 W3 W4
2 UF UV are their positive and negative variable
90 tendency respectively W1 to W4 are same as Table 2
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