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Abstract; Urbanization profoundly affects ecological processes across many scales. Most such effects are primarily due to
land use / cover transformations. At the local scale proliferation of impervious surfaces and decreases in vegetation cover in
cities have led to phenological differences between urban and rural areas. In this study, we monitored spring phenology of
Populus alba L.var. pyramidalis Bunge, P. cathayana Rehd and P. tomentosa Carr. at multiple sites across the urban core
and in the surrounding rural areas of Hohhot city, Inner Mongolia. Urban sites were established mainly along streets, in city
parks and schools. Rural sites occupied different natural localities in suburbs characterized by significant distance from the
urban core and relatively low human disturbance. Spring phenophases we monitored include leaf budburst ( BL) , first full

leaf (L1), and unfolding of = 50% leaves ( LU). We simultaneously measured air temperature at each site using
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Thermochron® DS-1921G (1 °C accuracy, 0.5 °C precision) data loggers which collected data between late March ( Day
of Year (DOY) = 88) and late November ( DOY = 330) during two growing seasons. Land use/ cover patterns were
analyzed by digitizing green spaces (including trees, manicured lawns, grasses, and agriculture), bare soil (unpaved
areas) , water (lakes, rivers) and pavements in the 300 m circular buffer around each site. Proportions of each cover type
at each site were used as explanatory variables for observed patterns of temperature and phenology. Correlations and
regression analyses were performed using SPSS 17.0. Our findings suggest the following conclusions. 1) The timing of leaf
budburst (BL), first full leaf (L1) and unfolding of = 50% leaves (LU) phenophases were best predicted by mean daily
temperature, minimum daily temperature and Growing degree days temperature that above 5 degree centigrade ( GDD5) of
April prior to the initiation of each phenophase. However, the relationship between the three phenophases and maximum
daily temperature of April were positively correlated; 2) Among the four land use/ cover types, green spaces together with
bare soil were negatively related to the mean daily temperature, GDD5, and minimum daily temperature of April to June.
We found high positive correlation between paved areas and all temperature variables. 3) Green spaces together with water
were negatively correlated with the first full leaf (L1) phenophase, while paved areas had positive correlations with L1.
Differences in land use/cover were clearly were reinforced by distinct mean daily temperature and GDD5. We conclude that
rural to urban land use/cover pattern transition in general advances spring phenophases by significantly increasing
temperature, the primary environmental driver of phenology. Our study of the rapidly urbanizing area of Inner Mongolia
provides important information for scientists and practitioners engaged in understanding effects of urbanization on

environmental and human health.

Key Words: phenology; temperature ; land use/cover; pattern; Hohhot
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Fig.1 Sample distribution map in the study area
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Table 1 Leaf budburst and leaf unfolding days of Populus alba var. pyramidalis, P. cathayana and P. tomentosa in 2010—2011

JEIH Leaves unfolding/d

WL AR Ao PURIIPER ' mZEIF N/ d —
Observed species Number of sites Leaf budburst( BL) JE i) J )

First full leaf(L1) 50% Leaves unfolded ( LU)
g P. alba L. var. pyramidalis 14 116.1+7.71 117.8+7.42 119.9+6.43
HH P. cathayana 7 115.1+7.00 117.2+6.93 120.8+6.58
FE P. tomentosa 9 115.6+7.42 117.3+7.42 119.3+6.58
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Table 2 The relationships between all phenophases of P. alba L. var. pyramidalis, P. cathayana and P. tomentosa. and different temperature

types in April

FFP K 5] Species and phenophases

—— it it B
Temperature type P. alba L. var. pyramidalis P. cathayana P. tomentosa
BL L1 LU BL L1 LU BL L1 LU
H 44555 ) . .
¥ /jj.‘{ml -0.928"" -0.945"" -0.932"" -0.833"" -0.886"" -0.855"" -0.921"" -0.886""  -0.893""
Mean daily temperature
H P2 e v AU . . . .
% xm.ﬂ(m 0.941**  0.946™"  0.925**  0.776""  0.778*"  0.879""  0.963""  0.960 " 0.937 "
Maximum daily temperature
H P-4 B IR . . . . s . N o e
:F I .{me -0.859"" -0.869"* -0.831"" -0.901"* -0.901"" -0.926"" -0.971"" -0.950""  -0.943""
Minimum daily temperature
=5 C Ul Growing degree days
temperature that above 5 degree -0.873*" -0.887"" -0.889"" -0.844"* -0.837"" -0.857"" -0.903"* -0.866"" -0879 "

centigrade (GDD5)

x % FERAE 0.01 KT RE, « FaRLE0.05 KFEFBE P FRIE 01 KEFRE
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Table 3 The proportion of land use/ cover types within 300 m of each study site

/%  ABKIE/ % KK %

S/ % ABEKE/ % KK %

RS . WEHe  mRT , WA/ %
Site number Vegetated Impervious Water and Bare soil Site number vegetated Impervious Water and Bare soil
surfaces surfaces wetland surfaces surfaces wetland

10 8.15 91.85 0.00 0.00 8 37.44 53.12 0.00 9.43
11 11.67 88.33 0.00 0.00 26 46.37 48.54 2.34 2.75
12 14.65 85.35 0.00 0.00 17 46.36 41.68 11.96 0.00
44 16.05 83.95 0.00 0.00 35 34.99 47.17 5.48 12.37

7 17.54 82.28 0.00 0.18 20 31.15 47.07 7.00 14.78
13 20.38 79.62 0.00 0.00 27 48.25 43.32 1.80 6.64
45 20.56 79.44 0.00 0.00 16 22.63 34.57 34.86 7.95
31 20.81 79.19 0.00 0.00 34 33.54 43.95 5.96 16.55

6 23.66 75.80 0.00 0.54 28 49.64 30.71 15.37 4.28
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s i/ % Iﬁ7kﬁ/% KA/ % W% s b/ % Kiﬁmﬁ/% KAk % W
Site number Vegetated Impervious Water and Bare soil Site number vegetated Impervious Water and Bare soil
surfaces surfaces wetland surfaces surfaces wetland
22 26.41 73.35 0.00 0.24 36 63.65 31.02 0.00 5.33
30 29.15 70.85 0.00 0.00 42 53.43 33.66 1.17 11.74
15 28.18 68.52 3.29 0.00 40 27.03 41.82 0.00 31.15
18 27.99 65.57 6.44 0.00 41 73.51 24.10 0.00 2.39
14 31.26 66.61 2.13 0.00 37 69.74 25.40 0.00 4.86
33 26.97 66.45 2.05 4.53 2 74.52 22.56 0.00 2.92
29 31.86 65.58 0.00 2.56 43 72.16 22.64 0.00 5.19
38 35.83 64.17 0.00 0.00 24 72.40 20.10 0.00 7.50
23 37.22 62.78 0.00 0.00 4 79.42 15.09 0.00 5.50
19 34.01 56.43 7.09 2.47 32 72.37 13.07 7.95 6.62
39 24.82 61.36 2.38 11.44 25 57.69 19.34 0.00 22.97
21 36.86 55.70 4.31 3.13 3 91.84 4.56 0.00 3.59
1 47.09 52.62 0.00 0.29 5 70.55 10.72 0.00 18.73
9 42.34 53.51 0.00 4.15
F4 AETHMAA/ BELRBESEERMENEXXR
Table 4 The relationships of land use / cover types with temperatures and phenophases
YE K K WA 734 1
et e 7 Vot i o L
and phenophases Months surfaces surfaces wetland Bare soil
H -2l 4 -0.399 0.411* 0.231 -0.336
Mean daily temperature 5 -0.598 " 0.621 " 0.017 -0.444"
6 -0.350 0.405 " -0.256 -0.324
H SP- 2 i il 4 0.030 0.009 -0.040 -0.117
Maximum daily temperature 5 0. 100 -0.067 0.002 -0.069
6 -0.051 0.140 -0.096 -0.330
BRS04 IR/ 4 -0.422** -0.424" 0.003 -0.385""
Minimum daily temperature 5 -0.677*" -0.708 ** 0.309 -0.566 "
6 -0.422"" -0.424" 0.003 -0.385""
=5 CHR 4 -0.404 0.412* 0.232 -0.354
May GDD temperature ( GDD5) 5 -0.598 ** 0.620 " 0.016 -0.444"
6 -0.351 0.405 " -0.256 -0.324
M2 Leaf budburst( BL) 0.325 -0.260 0.361 0.141
JRMIAM]  First full leaf (L1) -0.386 " 0.496 " -0.519"" -0.250
JEM I 50% Leaves unfolded (LU) 0.292 -0.194 0.189 0.008
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