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Abstract

Aims Under the current globa warming, there are abundant evidence that the phenological events of vegetation
in spring have advanced. Advancement of the phenological eventsin Northern Hemisphere under a gradua warming
is considered a process of acclimation rather than an instantaneous feedback. Moreover, the occurrence of spring
phenological advancement also varies across ecoregions. Following up on our previous studies, here we aim to
determine the temproal scale that temperature has the most influential effect on changes in spring phenology. We
further explore how the local spring temperature affects the temperature sensitivity of the spring phenology and
the underlying mechanism.

Methods We extracted the dates for spring phenological events by five different methods derived from the
GIMM S3g normalized difference vegetation index dataset during 1982—2009. We aso employed gridded climatic
datasets to calculate the temperature sensitivity of the spring phenology of vegetation, and analyzed the relationship
between the temperature sensitivity of phenological events of natural vegetation and environmental variables.
Important findings The spring phenological events of vegetation were mainly regulated by the early spring
temperature over the mid- to high-latitude regions in the Northern Hemisphere. Specifically, we found that the
maximum temperature in the month of the green-up onset or in the preceding month played the dominant role in
affecting the shifts in spring phenology over 54% of the pixels for the study regions; over 91.3% of the pixels dis-
played phenological shifts by early spring temperature. Interestingly, across the study regions, the standard devia-
tion in interannual temperature, accumulative precipitation and short-wave radiation contrasted in their effects,
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and differentially or synergistically regulated the temperature sensitivity of spring vegetation phenology.
Key words temperature sensitivity; vegetation spring phenology; remote sensing; climate change
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a, b, ¢, d, the coefficients of curve fitting; C;, the coefficient of i-th in the fitting window; e, natural constant; j, the running index of the original coordinate in
datalist; m, radius of fitting window, number of sample = 2m + 1; max, min, the maximum and minimum values of variables; N, the integer of cyclotron; ¢, the
period for fitting; x, the value of ~th sample; ¢, the maximum phase position in fitted normalized difference vegetation index (NDVI) time-series; w, the fre-
guency of fitting.
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Fig. 1 Correlation coefficients of spring green-up dates with temperature and precipitation for different vegetation types in dif-
ferent periods in mid- to high-latitude regions of Northern Hemisphere (mean + SD). The calculation was made backward by
one-month starting from May as the average start season. E.g., the value 1 on the x-axis indicates the start month of phenological
event (May in this study), and 2 the preceding month (April in this study). All way backward to November of the previous year (7).
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Fig. 2 The"“lag effect” of mean temperature on spring green-up onset in mid- to high-latitude regions of Northern Hemisphere. The
values for period show the month(s) precede the average start of season. E.g. value 1 represents the month of start of spring, and 2 the
preceding month before the start of month, calculated as the average temperature between the month of phenological event and the
preceding month.
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Fig. 3 Correlations of green-up with temperature (T), precipitation (P) and radiation (R) in mid- to high-latitude regions of Northern

Hemisphere.
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Fig. 4 Spatia pattern of temperature sensitivity for dates of
vegetation spring green-up in mid- to high-latitude regions of
Northern Hemisphere.
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Fig. 5 Distribution of temperature sensitivity (mean + SD) in
vegetation spring phenology along gradient of standard devia-
tion for temperature in mid- to high-latitude regions of Northern
Hemisphere.
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Fig. 6 Distribution of temperature sensitivity of vegetation
phenology aong precipitation gradient in mid- to high-latitude
regions of Northern Hemisphere (mean + SD).
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Fig. 7 Distribution of temperature sensitivity of vegetation
phenology along radiation gradient in mid- to high-latitude
regions of Northern Hemisphere (mean + SD).
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