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Temporal and spatial variation of vegetation phenology and its driving factor
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Abstract: Vegetation phenology is widely used as an independent measure and powerful indicator of primary net
productivity, crop yields, insect emergence, bird migration, climate change, carbon balance and cycle, and fundamental
ecosystem function and is influenced at the local and global scales by climatic factors (including precipitation, temperature )
and human activities. Studies of vegetation phenology are important, as solutions are needed to overcome issues such as
environmental change, sustainable management, and biodiversity conservation. Hence, an in-depth understanding of the
spatio-temporal variations and driving factors of vegetation phenology are important in the currently changing environment.
The Bosten Lake Drainage Basin is located in northwest China and covers a vast area with a complicated terrain, including

most of the middle Tianshan Mountains in the northwest, whole Yanqi basin, and northeast part of the Tarim basin in the
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south, which are characterized by distinctive distribution patterns of temperature, precipitation, and human activities.
Here, based on the MCD12Q2, GHCN_CAMS air temperature, Digital Elevation Model (DEM) , and metrological observed
data, we established monthly geographical weighted regression ( GWR) models and measured the near surface air
temperature. Next, spatio-temporal evolution characteristics and driving factors of vegetation phenology in the Bosten Lake
Drainage Basin were studied by determining slope, partial correlation, and multiple correlations. The results demonstrated
that; (1) the start of growth season (SOG) was concentrated in 76—168 Julian days, whereas the end of growth season
(EOS) was in 172—295 Julian days; the SOG was delayed and EOS was gradually advanced from north to south. Elevation
played an important role in the regional differentiation of vegetation phenology; with increasing altitude, SOG was
significantly delayed, EOG was advanced, and the length of the growth season (LOG) was significantly shortened. (2)
SOG and EOG advanced synchronously in the plane oasis area during 2001 and 2014 because of the influence of human
activities. (3) Climatic factors affected the area of SOG and BOG accounted for 57.10% and 51.30% , respectively, and
was mainly located in the Huangshuigou river watershed, Qingshui river watershed, Konqi river watershed, Qongyultuz
basin, and around the Kiqikyultuz basin. Non-climatic factors affected the area of SOG and BOG, accounting for 42.90%
and 48.70% , and were located in low-altitude regions including the oasis around Bosten lake and the Korla oasis. (4) The
correlation between vegetation phenology and climatic factors by partial correlation and multiple correlations demonstrated
that variations in inter-annual SOG and BOG were mostly affected by air temperature. As altitude increased, vegetation
showed obvious sensitivity of phenology to temperature. In summary, spatio-temporal variations in vegetation phenology in
the Bosten Lake Drainage Basin are not only influenced by climate change, but are also influenced by the combined effects

of human activities and altitude.

Key Words: vegetation phenology; climate change; MCD12Q2; driving factor; Bosten Lake Drainage Basin
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Table 1 Linear regression models of Ta for every month and their statistical values

i [ ESEES Q% G R U T
Month Regression Determination Min Max Average

model coefficient temperature/ C temperature/ °C temperature/ °C
1 Ta= 0.3854 Ts —0.002575 H —2.579 0.905 —-23.228 -3.552 -10.958
2 Ta= 0.3896 Ts —0.00287H + 0.4237 0.910 -20.513 6.774 -5.606
3 Ta=0.2788Ts—0.003992H +6.682 0.903 -14.556 10.098 1.511
4 Ta= —0.1144Ts-0.007261H +24.17 0.897 -10.040 15.600 7.617
5 Ta= —0.2159Ts -0.008731H +35.08 0.887 =7.187 22.474 11.585
6 Ta= 0.07937Ts -0.006807H+ 26.89 0.894 -5.393 24.115 15.336
7 Ta= 0.2993Ts —0.005019H+ 18.85 0.895 -4.220 26.093 16.341
8 Ta= 0.3283Ts —0.00488H+ 17.47 0.898 -4.873 25.379 15.747
9 Ta= 0.009682Ts —0.006714H+ 24.66 0.899 =7.393 19.202 11.454
10 Ta= 0.577Ts —0.001542H+ 5.306 0.913 -9.271 12.633 5.338
11 Ta= 0.4184Ts —0.001699H+ 3.015 0.904 -12.399 5.207 -1.179
12 Ta= 0.3978Ts —0.001892H —-0.9964 0.897 -18.829 -2.617 -8.941

# Ta . 13RS Surface temperature ; Ts {1 |, land surface temperature ; H; 5 #% , Elevation
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Fig.4 Spatial distribution of partial correlation between vegetation phenology and climatic factors during 2001—2014
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