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A B S T R A C T

A year-long longitudinal outdoor thermal sensation and comfort survey was conducted in Harbin, which is
located in the severe cold area of China. The survey included micrometeorological measurements and a long-
itudinal questionnaire survey. The thermal comfort and adaptation in severe cold area were investigated. The
results of similar studies in other regions were compared with those of this study. In spring, summer, and
autumn, “neutral” was the most frequently perceived thermal sensation, while “cold” was the most common
sensation in winter. Moreover, “slightly uncomfortable” was the most common thermal comfort feeling in
winter. The thermal acceptable range in Harbin was determined to be at 2.5–30.9 °C of physiologically
equivalent temperature (PET). The neutral temperatures were 18.7 °C, 20.0 °C, 21.9 °C, and 18.0 °C of PET in
spring, summer, autumn, and winter, respectively. The thermal sensation was found to be mostly related to the
air temperature. Thermal adaptation existed during the research period, because clothing insulation was found
to be negatively related to the air temperature generally. As for the psychological adaptation, expectations and
the thermal comfort demand changed with the seasons. The variation of the thermal acceptable ranges, neutral
PETs, and PET calibrations of the thermal sensation vote (TSV) of different climate zones indicated that the
thermal comfort was affected by the climatic and regional diversity.

1. Introduction

Outdoor thermal comfort is a criterion used to assess the environ-
mental liveability of a city. Citizens tend to spend more time in com-
fortable outdoor conditions. Therefore, outdoor comfort is an important
factor in planning and designing urban layout patterns. With the de-
velopment of the urban micrometeorological technology, the number of
studies on outdoor thermal comfort has increased over the last 20 years.

Table 1 summarizes various previous thermal comfort studies con-
ducted in different regions over the last 20 years.

The studies listed in Table 1 have mainly focused on the relationship
between thermal sensation and micrometeorological conditions and on
the thermal adaptation by using various thermal comfort indices. In the
existing outdoor thermal comfort studies, four micrometeorological
parameters including air temperature (Ta), relative humidity (RH),
wind speed (Va), and global solar radiation (G), which influence the
heat exchange between human and the outdoor environment, were the
primary research focus. Also, a large number of thermal indices have
been put forward to describe thermal state. The thermal indices can be
used in the following ways to evaluate outdoor thermal comfort: in

calculating an acceptable or a comfortable range by thermal indices
[11,14,15,20], in analyzing the regression relationship between TSV
and thermal indices, and further getting neutral temperatures
[4,11,15,17,18,21,23–25], or in determining how certain thermal index
values fall into particular TSV scales [11,14,21,26]. Moreover, thermal
adaptation is another important factor that affects the thermal comfort.
Thermal adaptation includes all measures that people implement con-
sciously or unconsciously in order to improve their thermal comfort
[27].

These studies imply that the relationship between thermal sensation
and micrometeorological conditions vary greatly because of the com-
plex climatic conditions and the specific thermal adaptation char-
acteristics existing in different climate regions. Moreover, the existing
thermal indices had an original scope of application. For example, the
widely used thermal comfort index of physiologically equivalent tem-
perature (PET) was originally applied to mid-Western Europe. So, the
thermal acceptable range, the neutral temperature described by
thermal indies, and the calibration for TSV in a certain climate may not
be applicable to another climate. As for thermal adaptation, the first
thermal adaptation implementation was directed at indoor thermal
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