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Abstract

This paper documents the seasonal cycle of the atmospheric temperature vertical profile
over Taiwan (40°E—180°E, 35°S—35°N) using 30-year (1991-2020) daily climatology of the
ERAS reanalysis dataset. The vertical temperature profiles at each grid point in the Asia-
Australia monsoon region (40°E—-180°E; 35°S—35°N) and associated circulation and rainfall
patterns are also analyzed. The vertical temperature profiles in this paper refer to the daily
climatological anomalies of the atmospheric temperature at each of the 37 pressure levels from
1000 hPa to 1 hPa, which is a subtraction of the daily climatology from its annual mean. The
optimal clusters/types of the 365 temperature vertical profiles are determined through K-means
cluster analysis with the optimal number of clusters selection procedure based on a
classifiability index (CI). It turns out that for the 365 vertical profiles of the daily climatological
temperature anomalies over Taiwan six clusters is the optimal selection. After sorting the six
clusters/types in time, the day within two seasonal transition periods, namely, from autumn to
winter (pre-winter) and from winter to spring (post-winter), are classified into the same cluster.
Thus, on the basis of the vertical temperature profile types over Taiwan, the seasonal cycle can
be represented by seven natural seasons: winter, post-winter, spring, meiyu, summer, autumn,

and pre-winter.



doi: 10.53106/025400022026065401001 KEFE S VUHA

The seasonal cycle map represented by the annual temperature vertical profile (365 days
by 37 levels) at 1,537 grid points in the Asia-Australia monsoon region are subsequently
analyzed to reveal the regional differences. The seasonal cycle maps are optimally classified
into six types and the maps at similar latitudes are grouped in the same cluster. After sorting the
six clusters in latitudes, the seasonal cycle types from south to north are identified as: the
Southern Hemisphere (SH) mid-latitudes, SH subtropics, Equatorial tropics (c.a. 10°S-7°N),
near-equatorial Northern Hemisphere (NH) tropics (c.a. 7°N -15°N), the NH subtropics (c.a.
15°N -25°N), and NH mid-latitudes (north to 25°N). Taiwan lies at the border area of the near-
equatorial NH tropics and the NH subtropical, with northern Taiwan resembling the subtropical
type and southern Taiwan resembling the tropical type. During autumn season the atmospheric
temperature seasonal vertical feature is similar to that of the NH subtropics, while during other
seasons the temperature vertical feature is similar to that of the near-equatorial NH tropics.

The findings suggest that the vertical profiles of daily climatological temperature
anomalies from surface to the top of stratosphere provides an innovative framework to link
Taiwan climate and the seasonal evolution of large-scale circulation in the Asia-Australia
monsoon region. The composite large-scale wind and water vapor fields in seven natural
seasons suggest that the proposed framework greatly expands on the conventional practice that
depends only on surface temperature and rainfall constrained in month or pentad. The rich
temperature features near the upper troposphere and lower stratosphere (UTLS) that have been
overlooked in Taiwan climate documents deserve more detailed study in the future.
Keywords: Taiwan climate, seasonal cycle, Asia-Australia monsoon, whole atmospheric
temperature, climatological vertical temperature profile. doi: 10.53106/02540002202606

5401001
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