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This study aims to develop technical methods for the quantification of flowering phenology of alpine
plants using automatic shooting cameras and to construct models predicting phenological modification
by climate change based on empirical data obtained in the field. Major results are as follows:

(1) We developed the technical procedure that automatically selects available pictures from data
sources and then detects and counts the flowers of the target species in the selected pictures using deep
learning algorithms. Pictures taken in the Tateyama Mts. and the Taisetsu Mts. during the last 11 years
were used for the analysis. It was confirmed that obtained results were available and useful for the
quantification of phenological variations in alpine flowers.

(2) We conducted field surveys in the Tateyama Mts. and the Taisetsu Mts. to quantify the flowering
patterns of alpine plants based on the actual observation. Then, we constructed the models to predict
phenological modifications of alpine plants under global warming, i.e., increase in air temperature and
acceleration of snowmelt time. These models predict that flowering time of plants inhabiting
little-snow places depends on air temperature early in the season, while flowering time of plants
inhabiting snowy places is strongly influenced by the time of snowmelt.

These results suggest that the phenological responses of alpine plants to climate change are highly
species-specific and habitat-specific.
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