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ABSTRACT: In this study, multi-scale climatological features of extreme high temperature (EHT) events in Tajimi, the
hottest cities in Japan, were investigated using observational data collected by the Japan Meteorological Agency over the
past 23 years, and original data observed by the authors over the last 3 years. Results revealed the background factors that
lead to climatologically high temperatures in Tajimi: the occurrence of a characteristic pressure pattern called ‘whale’: the
synoptic-scale factors, and the urbanization of Tajimi: the meso-𝛾-scale factors. In addition, the high temperatures measured
in Tajimi are affected by the foehn-like westerly airflow coming from the mountains located in the northwest/west towards the
Nobi Plain where Tajimi is located at the east end: the meso-𝛽-scale factors, and the location of the Tajimi observation site,
which is within an urbanized area where the highest temperatures tend to be observed: the micro-scale factors. In contrast,
statistical analysis demonstrated that the small-scale basin effects and soil dryness around Tajimi were of lesser importance
than aforementioned factors, in the occurrence of EHT events in Tajimi.
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1. Introduction

Extreme high temperature (EHT) events relating to climate
change have become a social problem, because such events
have a significant impact on human health, agriculture,
and energy demands. Numerous impact assessment studies
have been conducted to investigate the effects of such
events on human activity (De Bono et al., 2004; Ciais
et al., 2005; IPCC, 2014).

EHT events are generally known to be triggered
by multi-scale factors at global, synoptic, meso-, and
micro-scales. From a global-scale perspective, Schär et al.
(2004) and Beniston (2004) showed that the European
warm anomaly during the summer of 2003 was statistically
unusual at three times the standard deviation, and that the
anomaly was related to a deep tropospheric phenomenon
(Chase et al., 2006). Looking from the synoptic-scale
standpoint, Black et al. (2004) and Fink et al. (2004)
stated that anticyclonic synoptic weather during the
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summer of 2003 caused dry conditions, which contin-
uously reduced soil moisture content. This dry surface
condition contributed to the high temperatures in Europe
during the summer of 2003, enhancing the surface sensible
heat flux. Takane et al. (2013) showed that the inflow of
sensible heat transported by synoptic-scale winds from
the Tropics under a typical summer pressure pattern in
Japan is one of the factors causing meso-scale high tem-
peratures in the Osaka and Kyoto urban areas. Urban heat
islands (UHI) in the metropolitan areas (Grossman-Clarke
et al., 2010; Li and Bou-Zeid, 2013), and foehn winds
associated with airflow over the mountains (Takane and
Kusaka, 2011; Takane et al., 2015), have been classified
as meso-scale factors. Deteriorated ventilation due to the
construction of buildings, tree growth, and other effects
on the localized temperature increase around observation
sites [the ‘Hidamari (suntrap) effect’] have been suggested
by Kondo (http://www.asahi-net.or.jp/~RK7J-KNDU/)
(in Japanese) as micro-scale factors.

Record-breaking EHT events have occurred in vari-
ous areas of Japan, and the factors contributing to these
events have been investigated from mainly synoptic and
meso-scale viewpoints. For instance, Yamagata City,
located in the Tohoku region (Figure 1(a)), recorded a
high temperature of 40.8 ∘C on 25 July 1933, breaking the
highest daily maximum temperature previously recorded.
It has been demonstrated that the meso-scale foehn
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wind from the central ridge in northeast Japan played
a primary role in this high temperature event [Japan
Meteorological Agency (JMA), http://www.jma-net.go
.jp/sendai/wadai/kikouhenka/column&uscore;yamagata
.html (in Japanese)]. On 12 August 2013, Shimanto
City in Kochi Prefecture (Shikoku island) (Figure 1(a))
recorded a temperature of 41.0 ∘C, the highest daily
maximum temperature ever recorded in Japan. This event
was linked to a distinctive synoptic-scale pressure pattern,
together with the meso-scale flow. On 16 August 2007,
Kumagaya City in Saitama Prefecture, located in the
Kanto Plain, which includes the Tokyo metropolitan area
(Figure 1(a)), recorded a temperature of 40.9 ∘C (breaking
the previously recorded highest daily maximum temper-
ature). The mechanism underlying this high temperature
event was investigated by Takane and Kusaka (2011),
who revealed that the record-breaking temperature was
caused by a type of foehn-like wind that induced high
surface temperatures on the leeward side. Takane et al.
(2014) have also investigated the climatological features
of EHT events in the inland area of the Kanto Plain. Their
study shows that three characteristics are apparent when
high temperatures are observed in the inland area of the
Kanto Plain: (1) the occurrence of a ‘whale’ (tail of a
whale) synoptic-scale pressure pattern, (2) consecutive
clear-sky days prior to EHT events, and (3) prominent
daytime northwesterly meso-scale surface (foehn) winds.
These findings show that consecutive clear-sky days
and northwesterly meso-scale (foehn) winds under this
distinctive synoptic-scale pressure pattern play a role in
the occurrence of EHT events in the inland area of the
Kanto Plain.

A high temperature of 40.9 ∘C was recorded on 16
August 2007 in Tajimi City, Gifu Prefecture (Figure 1),
which is located on the periphery of the Nagoya metropoli-
tan area (the north-eastern area of the Nobi Plain). Tajimi
is located in a small-scale basin, 10 km in diameter, and
is surrounded by mountains lower than 400-m elevation
(Figure 2(a) and (c)). The city is spread out in the basin
(Figure 2(b) and (d)), and is relatively small. There are
high buildings in downtown Tajimi (no. 10 in Figure 2(c);
Figure 2(e)). However, the suburbs of the city are char-
acterized by relatively low buildings (Figure 2(e)). The
green fraction is very low at the bottom of the Tajimi basin
(Figure 2(f)). The Toki River flows from northeast of the
city towards the south (where downtown Tajimi is located)
(Figure 2(g)). With such geographical conditions, EHT
events occur more frequently in Tajimi City than in any
other city in Japan, including the aforementioned Kuma-
gaya City (Table 1).

At least seven hypotheses for the cause of the EHT
events in Tajimi have been proposed in previous sur-
veys and studies, ranging from synoptic to micro-scale
explanations. The EHT events in Tajimi differ from
the aforementioned events in Yamagata, Shimanto, and
Kumagaya, in that the Tajimi events have involved
multi-scale factors including those on the micro-scale in
addition to the synoptic and meso-scale. The hypotheses
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Figure 1. Map of Japan with inset of Nobi Plain area (a) with site
locations: Yamagata (Ya), Kumagaya (Ku), Tokyo (To), Osaka (Os), and
Shimanto (Sh). (b) and (c) show topography and land-use categories
(respectively) in the Nobi Plain area with site locations of the analysed
sites: Tajimi (Ta), Nagoya (Na), Gifu (Gi), Ogaki (Og), Inuyama (In),

Kasugai (Ka), and Sekigahara (Se).

associated with the EHT events in Tajimi include the fol-
lowing. (1) A characteristic pressure pattern (Figure 3(a)).
Onuma (2003) illustrated the presence of a character-
istic pressure pattern that triggers high temperatures in
the Nobi Plain, and analysed several EHT events. (2)
Airflow coming from the mountains located on the west-
ern/northwestern side (Figures 3(b) and 4). Onuma (2003)
indicated the high possibility of a traditional foehn wind
(Hann, 1866; Seibert, 1990) when EHT events occur
in the Nobi Plain. Additional studies are necessary to
elucidate the climatological features in the hypotheses (1)
and (2), because research to date has been based only on
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Figure 2. (a) and (c) Topography, (b) and (d) land-use categories, (e) building coverage, (f) green fraction, and (g) water fraction in and around Tajimi
City, with locations [circles with numbers in (c) and open circles in (d)–(g)] of observational sites 1–19 in Table 2.
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Table 1. Frequency of EHT evets (over 38.1 ∘C) at Tajimi,
Nagoya, Gifu, Kumagaya, and Tokyo sites from July to August

1990–2012.

Tajimi Nagoya Gifu Kumagaya Tokyo

Frequency 49 15 27 29 5

case study analysis. (3) Heat transport from the Nagoya
metropolitan area (Figures 3(b) and 4). Numerical simu-
lations conducted by Ito et al. (2012) using the weather
research and forecasting model (Skamarock et al., 2008)
showed that heat transport from the Nagoya metropoli-
tan area had no effect on Tajimi City between August
2006 and 2010. However, the possibility of heat trans-
port from Nagoya City was not examined from observa-
tional and climatological perspectives. (4) Basin effects.
In addition to small-scale foehns associated with airflow
over the basin terrain (Figure 3(c)), thermally induced
local circulation (valley winds) raised the temperature
in the basin under weak synoptic-scale wind conditions
(Kondo et al., 1989; Kuwagata and Kimura, 1997), and
trapped heat within the basin during daytime. (5) The
UHI effect in Tajimi [Figure 3(c); e.g. as described by
Okada et al. (2014)]. Numerical simulations conducted
by Ito et al. (2012) indicate that the UHI effect is a fac-
tor in EHT events in Tajimi. However, it is still unclear
whether the UHI effect in Tajimi causes the highest tem-
peratures in the Nobi Plain, considering that other adja-
cent cities have larger urban area than Tajimi City. (6)
Soil dryness (Fujibe, 1996; Black et al., 2004; Fink et al.,
2004; Yoshida, 2013), and (7) the local thermal environ-
ment around Tajimi, as recorded by the Automated Mete-
orological Data Acquisition System (AMeDAS) site oper-
ated by the JMA (Figure 3(d), e.g. Kondo, http://www
.asahi-net.or.jp/~RK7J-KNDU/). Hypotheses (4), (6), and
(7) have been reported by citizens’ groups (e.g. Kondo,
http://www.asahi-net.or.jp/~RK7J-KNDU/, in Japanese)
to explain the occurrence of EHT events. However, the
actual conditions involved in these three hypotheses are

Nagoya city

Tajimi 
city

Southwesterly wind 

Heat transport ? 

Ibuki  mountainous area 

Westerly wind 

Foehn wind ? 

Figure 4. Schematic representation of the meso-𝛽-scale winds, westerly
and southwesterly on the Nobi Plain.

unknown, because no detailed investigation has been con-
ducted. Accordingly, the seven hypotheses regarding fac-
tors on various scales, considered to be related to EHT
events in Tajimi, have not yet been examined through sta-
tistical analyses. Therefore, the climatological features and
actual conditions of the EHT events have yet to be eluci-
dated.

In this study, we examine the seven hypotheses pro-
posed to explain the EHT events in Tajimi from an obser-
vational perspective. The results should help to elucidate
the multi-scale climatological conditions for EHT events
on the Nobi Plain, and may be applicable to EHT events
occurring in other regions and other small cities in complex
terrain.

2. Data and concept of this study

The data used in this study include the following: surface
weather charts [fax chart(s) SPAS and ASAS by JMA]

Synoptic-scale (b)(a) Meso � scale Microscale

100

100 10
0

10
0

150

15
0 15

0

150

150

200

200

200

250

250

25
0

300

30
0

137.1 E

100 150 200 250 300 350

(a)

(m)

(c) (d)Meso � scale

Multiscale analyses

(1) Pressure pattern
     - Whale
     - SH-NL
     - EH-WL

(2) Airflow over
     the mountain
     (foehn-like wind) 
(3) Heat transport 

(7) Thermal environment
     around Tajimi AMeDAS(4) Basin effects 

(5) Urban heat island 
(6) Soil dryness 

110°E 120°E 130°E 140°E 150°E 160°E

20°N

30°N

40°N

50°N

1008

1012

10
06

1008
1010

1012

1014

136°E 136.5°E 137°E 137.5°E

137.1°E

137°E

35°N

35.5°N

35.2°N

35.3°N

35.3°N
26 28 30 32 34 36 38

3 (m s–1)

(°C)

(°C)
24 25 26

50

100

150

200

250

300

350

(m)

Tajimi
Station

Figure 3. Concept of multi-scale analyses used in this study. Numbers refer to the seven hypotheses outlined in Section 1.
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Table 2. Information relating to observation sites.

Site number Site name City Height above
ground level (m)

Surface Local environment Observation year

1 Minamihime JHS Tajimi 160 Bare land School yard 2010 and 2011
2 Hokuei JS Tajimi 193 Grass land School yard and building 2010 and 2011
3 Kyouei JS Tajimi 159 Grass land School yard and building 2010 and 2011
4 Koizumi Park Tajimi 117 Grass land Park surrounded by trees 2010, 2011, and 2012
5 Koizumi JHS Tajimi 131 Concrete School yard and building 2010 and 2011
6 Touto JHS Tajimi 106 Bare land School yard 2010 and 2011
7 Seika JS Tajimi 98 Bare land School yard 2010 and 2011
8 Ikeda JS Tajimi 126 Bare land School yard 2010 and 2011
9 Taihei Park Tajimi 94 Grass land Park surrounded by trees 2010, 2011, and 2012
10 Tajimi JR Station Tajimi 95 Asphalt Built-up area 2010 and 2011
11 Shouwa JS Tajimi 95 Bare land School yard 2010 and 2011
12 Yousei JS Tajimi 123 Concrete School yard and building 2010 and 2011
13 Wakinoshima JS Tajimi 182 Bare land School yard 2010 and 2011
14 near AMeDAS Tajimi 105 Asphalt Parking area 2011
15 Minamisakaue Park Tajimi 121 Grass land Park surrounded by trees 2011 and 2012
16 Harumi Park Kasugai 26 Grass land Park surrounded by trees 2010
17 Kasugai Central Park Kasugai 23 Grass land Park surrounded by trees 2011 and 2012
18 Ishizukuri Park Inuyama 53 Bare land Park surrounded by trees 2011 and 2012
19 Nakayama Park Inuyama 52 Grass land Park surrounded by trees 2011 and 2012

recorded at 0900 Japan Standard Time (JST: UTC+ 9 h);
aerological (850, 700, 500, and 300-hPa pressure lev-
els) weather charts [fax chart(s) AUPQ78 and AUPQ35
by JMA] at the same time; AMeDAS data provided by
the JMA; objective analysis data with a T106L40 res-
olution and 6-h temporal resolution: Japanese 25-year
Reanalysis (JRA-25) data and the JMA Climate Data
Assimilation System (JCDAS) (hereafter referred to as
‘JRA-25/JCDAS’) (Onogi et al., 2007) provided by the
JMA and the Central Research Institute of the Electric
Power Industry; and JMA meso-scale model (hereafter
MSM) objective analysis data with 5-km resolution and
3-h temporal resolution. Original temperature observation
data were also collected by the authors in August 2010,
during July–August 2011, and July–August 2012.

Figure 2(a) and (c) shows the sites where observations
were made with site numbers: information on each site is
described in Table 2. A portable thermistor thermometer
and data logger (Ondotori Jr. RTR-52; T&D Company,
Ltd.) mounted in a radiation shelter (Sakai et al., 2009)
was used to record air temperature at 1.5 m above ground
level. The recording interval was set to be 2 min, and
the average values recorded over 10 min before and after
the observation time (11 samples) were used for analysis.
Since the elevation of the observation sites was different,
an altitude correction for temperature was implemented;
the observed temperatures were corrected a height of 95 m
(site number 10 in Figure 2(a) and in Table 2) using a
temperature lapse rate of 0.0065 ∘C m−1. Hereafter, the
temperatures obtained in our observations are as the values
after altitude correction.

This study uses the terms ‘clear-sky days’ and ‘EHT
days’ in the analysis, following the definitions in Takane
et al. (2014). A ‘clear-sky day’ was defined as a day
when the duration of sunshine at the Tajimi AMeDAS site
was longer than 6 h without precipitation (553 of 1426

days in the entire analysis period). An ‘EHT day’ was
defined as a day with a daily maximum temperature over
38.1 ∘C, which is 1.5 times sigma above the mean daily
maximum temperature at Tajimi AMeDAS site during the
analysis period (Figure 5(a)) (49 of 1426 days). No trend,
either increasing or decreasing, was found in the number
of clear-sky days during 1990 and 2012 (Figure 5(b)).
Although the number of EHT days varied each year, during
the 1990s (1990–1999) EHT days were observed only in
1994 and 1995, while EHT days were recorded almost
every year after 2000 (2000–2012), except in 2003, 2005,
and 2009.

3. Results

3.1. Synoptic-scale

This sub-section describes the investigation of hypothe-
sis (1): that a characteristic pressure pattern is linked to
the occurrence of EHT days (Figure 3(a)). As described
in the introduction, based on a climatological analysis,
Takane et al. (2014) discussed the possibility that EHT
events in the inland area of the Kanto Plain were related
to background temperature rises caused by the ‘whale’
pressure pattern (Figure 6(a)) that generated northwesterly
synoptic-scale and foehn winds. However, Onuma (2003)
indicated that the ‘whale’ pressure pattern was found in
only a few EHT cases in Nagoya and Gifu.

In this study, we first used the classification of ‘all
days’; i.e. the total numbers of days, ‘clear-sky days’ and
‘EHT days’ as in Takane et al. (2014). In addition, we
classified the surface pressure pattern into ten patterns
based on those of the Encyclopaedia of Meteorology and
Atmospheric Sciences [Meteorological Society of Japan,
1998; Figure 4 in Takane et al. (2014)]. Specifically, pres-
sure patterns for all of the days were manually classified

© 2016 The Authors. International Journal of Climatology published by John Wiley & Sons Ltd Int. J. Climatol. 37: 1456–1473 (2017)
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based on advice from a professional weather forecaster at
the JMA. The results of this classification are shown in
Figure 7(a), which describes the high probability of three
typical summer pressure patterns in Japan: the ‘whale’
(tail of a whale), the SH–NL (high pressure in the south
and low pressure in the north), and the EH–WL (high
pressure in the east and low pressure in the west). All
other pressure patterns [NH, MH, ZH, BF, SC, JC, JS-Cs,
WH-EL, and Bag in Figure 4 of Takane et al. (2014)] are
classified as ‘other’.

Here, we present the climatological features of sur-
face pressure, geopotential height, wind, and average
temperature for ‘clear-sky days’, for the three selected
summer pressure patterns (Figure 6). ‘Whale’ was asso-
ciated with a pressure trough in the central part of Japan
(Figure 6(a)), which caused a westerly to northwesterly
synoptic-scale wind above the area (Figure 6(b)). The

average temperature at the 850-hPa pressure level of the
‘whale’ was higher than that of the SH–NL (Figure 6(b)
vs (d)). The SH–NL and EH–WL had no pressure trough
around central Japan (Figure 6(c) and (e)), and therefore
southwesterly synoptic-scale winds blow above central
Japan (Figure 6(d) and (f)). In these two pressure pat-
terns, sensible heat is transported from the Tropics along
the edge of the Pacific high, as well as from tropical
cyclones (in the case of EH–WL) (Takane et al., 2013).
Adiabatic compressive heating due to synoptic-scale
downward flow, with a high-pressure system, also con-
tributes to high temperatures in central Japan. The average
temperatures at 850 hPa with the SH–NL (18–19 ∘C)
and the EH–WL (18–20 ∘C) were lower than with the
‘whale’ (19–20 ∘C). Similar climatological features were
obtained for the EHT days for the three summer pressure
patterns.

© 2016 The Authors. International Journal of Climatology published by John Wiley & Sons Ltd Int. J. Climatol. 37: 1456–1473 (2017)
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Figure 7. (a) Probability of occurrence of pressure patterns from July to August 1990–2012. (b) Secular change in frequency of ‘whale’, SH–NL,
EH–WL, and summer pressure patterns (sum of ‘whale’, SH–NL, and EH–WL).

Across all days, the probability of the occurrence of
‘whale’, SH–NL, EH–WL, and ‘other’ was 11.3, 13.3,
9.8, and 65.6%, respectively (Figure 7(a)). On clear-sky
days, the probability of ‘whale’ occurring was 21.0%
higher than across all days, but was not remarkably higher
than the 17.2 and 13.6% for the SH–NL and EH–WL,
respectively. On EHT days, the probability of ‘whale’
occurring was 61.2% (40.2% higher than for clear-sky
days). The probability of SH–NL and EH–WL (6.1 and
4.1%, respectively) was lower on EHT days in compari-
son to clear-sky days. These results indicate that the pres-
sure pattern of ‘whale’ played a significant role in the high
temperatures (EHT days) in Tajimi, but was not sufficient
for causing the EHT events. ‘Whale’ provided the back-
ground environment that triggered the higher temperatures
in Tajimi.

Figure 7(b) shows the trend in probability of the three
summer pressure patterns during 1990–2012: there are
no systematic temporal changes in probability for each
pattern.

3.2. Meso-𝛽-scale

This section discusses two hypotheses for the cause of
the EHT days, hypothesis (2): airflow coming from the
mountains located on the western and northwestern sides
(Figures 3(b) and 4), and hypothesis (3): heat transport
from the Nagoya metropolitan area (Figures 3(b) and 4).
Figure 8(a) shows the horizontal distributions of aver-
age temperatures and winds at 1400 JST for all days
(1426 days), which indicates the prominence of southwest-
erly winds from the coastal area to the inland area of
the Nobi Plain. This characteristic wind was also con-
firmed as the average wind for clear-sky days (553 days)
(Figure 8(b)). However, this southwesterly wind was not
apparent for EHT days (49 days) (Figure 8(c)), when
a westerly–northwesterly wind blew on the Nobi Plain
on which Tajimi is located at the downstream edge. A
westerly–northwesterly wind was confirmed on 30 of the
49 EHT days (61.2%).

Figure 9 shows a typical example of an EHT day that
occurred on 22 July 2010, when northwesterly winds

became prominent on the Nobi Plain. The pressure pat-
tern for the day was ‘whale’ (Figure 9(a)) and the JMA
MSM indicated that northwesterly winds were blowing
above the boundary layer in the Nobi Plain at 0900 JST
(Figure 9(b)). Under such synoptic-scale conditions, west-
erly winds were blowing on the ground (Figure 9(c)), pass-
ing through Sekigahara from Lake Biwa to the Nobi Plain,
and then reaching Tajimi. Northwesterly airflow from the
Ibuki mountainous area is also seen in Figure 9(c). This
suggests that the westerly–northwesterly winds are deeply
related to the EHT events.

Southwesterly winds were prominent on 12 of 49 EHT
days (24.5%). Based on these results, it is likely that the air-
flow coming from the mountains on the northwestern and
western sides plays a climatological role in the EHT events
[hypothesis (2)]. On the other hand, it is unlikely that heat
transport from the Nagoya metropolitan area contributes
to the EHT events in Tajimi climatologically [hypothe-
sis (3)], because westerly–northwesterly winds are promi-
nent on EHT days. These results are consistent with the
simulation results obtained by Ito et al. (2012). However,
in this regard, it remains possible that the southwesterly
wind, with heat transport from Nagoya, contributed mete-
orologically to the EHT in Tajimi in several cases, although
the southwesterly wind was climatologically not domi-
nant for the EHT events in Tajimi, as mentioned earlier.
Further detailed case studies are required to explore this
possibility.

3.3. Meso-𝛾-scale

This section discusses three hypothesis: hypothesis (4):
basin effects [small-scale foehns associated with airflow
over the mountains surrounding the Tajimi basin, the
effects of temperature rise due to thermally induced local
circulation (valley wind) under weak synoptic-scale wind
conditions, and air stagnation due to blocking of the moun-
tains surrounding Tajimi]; hypothesis (5): UHI in Tajimi;
and hypothesis (6): soil dryness (Figure 3(c)).

We first discuss hypothesis (4). As Tajimi is in a
small basin surrounded by relatively low mountains
(Figure 2(a)), high temperatures might be triggered by
small-scale foehns generated by winds crossing over the

© 2016 The Authors. International Journal of Climatology published by John Wiley & Sons Ltd Int. J. Climatol. 37: 1456–1473 (2017)
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Figure 8. Horizontal distributions of surface air temperature (colour) and
wind (vector) at 1400 JST averaged over (a) all days, (b) clear-sky days,

and (c) EHT days.

low mountains when westerly or southwesterly winds
blow on the Nobi Plain. To examine this possibility, we
conducted fixed point observations of temperature in
August 2010 and July–August 2011–2012 at sites in
Inuyama (sites 18 and 19) located on the windward side of
the prominent westerly wind, in Kasugai (sites 16 and 17),
located on the windward side of the southwesterly wind,
and in Tajimi (sites 1–15), located on the leeward side.

Figure 10(a) shows 11 cases of prominent southwesterly
wind days on the Nobi Plain extracted from the clear-sky
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Figure 9. (a) Surface weather chart at 0900 JST on 22 July 2010. (b)
Horizontal distribution of wind (vector) at the 850-hPa pressure level
at 0900 JST on 22 July 2010 from MSM. (c) Horizontal distributions of
surface air temperature (colour) and wind (vector) at 1400 JST on 22 July

2010 from AMeDAS sites.

days (20 cases) in August 2010. Almost no difference was
seen in the daytime temperatures between the two cities,
Kasugai and Tajimi. In addition to the cases in August
2010, similar results were obtained for average values in
July–August 2011 (Figure 10(b)), and in July–August
2012 (Figure 10(c)).

Figure 10(d) and (e) shows the average temperature
obtained in cases of westerly wind on the Nobi Plain (six
cases in 2011 and nine in 2012). There was no result
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Figure 10. Averaged diurnal variation in surface air temperature from 0500 to 1700 JST for (a)–(c) southwesterly wind days, (d) and (e) westerly
wind days, and (f)–(h) weak-wind days in August 2010 (above), July–August 2011 (middle), and July–August 2012 (bottom) in Tajimi (black solid

lines), Kasugai (grey solid lines), and Inuyama sites (black dashed lines). The numbers in brackets represent the average at the sites.

for 2010 because no observation was made in August
2010 in Inuyama. These figures indicate that there was
almost no difference in temperature between Inuyama and
Tajimi (Figure 10(d)) in July–August 2011. In contrast,
in July–August 2012, the temperature was slightly higher
in Inuyama compared to Tajimi (Figure 10(e)). Based on
these results, it is impossible to say that we detect foehn
effects induced by the mountains surrounding Tajimi.

In this study, we defined a ‘weak-wind day’ as a day
when the wind speed at 1400 JST in Tajimi was lower
than the average wind speed within the ‘clear-sky days’
category. Figure 10(f) shows the time variation of tem-
perature averaged over the weak-wind days in August
2010 in Kasugai and Tajimi. This figure demonstrates
that there is almost no difference in the daytime temper-
atures between the two cities. Similarly, no remarkable
temperature difference was found for weak-wind days
in July–August 2011 (Figure 10(g)) and in July–August
2012 (Figure 10(h)). Based on these results, it is clear that
the effect of rising temperatures due to thermally induced
local circulation on weak-wind days in hypothesis (4)
does not play a significant climatological role in the EHT
events in Tajimi. This result is consistent with the results
from model studies, based on a two-dimensional idealized

basin, conducted by Kimura and Kuwagata (1995) – the
amount of sensible heat accumulated in the column atmo-
sphere in the valley is proportional to the height of the
mountain surrounding the basin when the valley width is
constant. In other words, since the average height of the
mountains around Tajimi basin is low (200 m), the amount
of sensible heat accumulated in the column atmosphere of
the basin may be smaller than in the case of a basin with
a higher elevation, which is why temperatures in the basin
do not rise as significantly as those outside the basin.

Next, we investigated the formation of stagnant air areas
in the Tajimi basin. In general, stagnant air near the ground
surface contributes to the trapping of heat within the basin
due to the inhibition of heat exchange between the bottom
and the region above the basin. Therefore, we used the
surface wind speed (number of weak-wind days) as an
index of stagnant air near the ground surface. Figure 11
shows the probability of the occurrence of weak-wind
days at each AMeDAS site for all days, clear-sky days,
and EHT days. Weak-wind day were defined, in the same
way each day at each site in the area shown in Figure 11
as slower than the average wind velocity at 1400 JST
recorded at each site for all days, clear-sky days, and
EHT days. The vectors in the figures denote the average

© 2016 The Authors. International Journal of Climatology published by John Wiley & Sons Ltd Int. J. Climatol. 37: 1456–1473 (2017)
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wind velocity at 1400 JST for each category, similar to
Figure 8. Figure 11(a)–(c) reveals that the probability of a
weak-wind day occurring in Tajimi declines from all days,
to clear-sky days, to EHT days. This result indicates that
weak winds occur less frequently than usual on EHT days
in Tajimi. In addition, the average wind speed at 1400 JST
in Tajimi on EHT days was higher than that across all
days and on clear-sky days. These results demonstrate that
the air near the ground in Tajimi is not climatologically
stagnant on EHT days. However, it should be noted that
these analyses merely show the climatological features of
winds at the altitude of the anemometer placed at each
AMeDAS site (e.g. 10 m at the Tajimi AMeDAS site). In
general, the altitudes of the anemometer and thermometer
were different. Therefore, detailed investigations should be
carried out at an altitude below that of the anemometer. For
instance, the climatological features of winds at ∼1.5 m,
where the thermometer is placed, should be elucidated.

We next consider hypothesis (5): the effect of UHI
in Tajimi. Figure 12 shows the results of observations
conducted within Tajimi in August 2010 and July–August
2011. Since the results of observations in July–August
2012 were obtained from only three observation sites
(Table 2), these results are not shown. The results of
observations in August 2010 reveal that UHI were located
at Tajimi JR (Japan Railway) Station (site 10) and at
Seika JS (site 7), at 0500 JST [Figure 12(a), similar to
that indicated by Okada et al. (2014)]. High temperatures
extended from 1400 JST from the downtown area, where
Tajimi JR Station is located, to the entire area of the basin
(Figure 12(b)). Similar characteristics were also observed
in July–August 2011 (Figure 12(c) and (d)). As a special
note on the observations conducted in 2011, the highest
temperature was recorded near the AMeDAS site (site 14)
at 1400 JST, which will be discussed more extensively in
Section 3.4.

Yoshida (2013) mentioned that a reduction in the total
area of rice paddy fields in the city during recent years is
one of the factors implicated in the frequent occurrence of
EHT events in Tajimi. Moreover, he pointed out the pos-
sibility that a decrease in precipitation and soil moisture
contribute to EHT events. Here, we examine hypothesis
(6): the effects of atmospheric conditions on soil dryness.
Figure 13(a)–(c) shows the anomalies of the number of
clear-sky days, ‘cloudy days’, and ‘rainy weather days’
at each observation site compared to the area-averaged
number of such days at all the sites indicated in the
figures. Cold (warm) colour sites denote fewer (more)
clear-sky, cloudy or rainy weather days were observed
than the area-averaged number. A ‘rainy weather days’
was defined as a day on which total precipitation was
over 0.1 mm, and a ‘cloudy day’ was one that could not
be classified as either a clear-sky day or a rainy weather
day. Figure 13(a) indicates that the number of clear-sky
days in Tajimi was greater than the area average. How-
ever, the anomaly is only +1 day. Additionally, the num-
ber of cloudy days in Tajimi was ∼1 day less than the
area average (Figure 13(b)). The number of rainy weather
days in Tajimi was ∼1 day more than the area average
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Figure 11. Horizontal distributions of probability of occurrence of weak
wind days (colour), and averaged wind speed and direction (vector) at

1400 JST on (a) all days, (b) clear-sky days, and (c) EHT days.

(Figure 13(c)). These anomalies are very small and from
the standpoint of atmospheric conditions, these results
reveal that Tajimi is not in a condition that tends to result
more in soil dryness than are its adjacent sites.

As one of the factors involved in the occurrence of EHT
events, Fujibe (1996), Takane and Kusaka (2011), and
Takane et al. (2014) also mentioned soil dryness caused
by the consecutive clear-sky days preceding EHT events.
With this in mind, Figure 13(d) shows the average number
of consecutive clear-sky days prior to the occurrence of
each EHT in Tajimi. As described in the previous figures,
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Figure 12. The spatial distribution of surface air temperature (colour) in Tajimi City at (a) and (c) 0500 and (b) and (d) 1400 JST averaged for
clear-sky days in August 2010 (top), and July–August 2011 (bottom). (e) The locations of observation sites in Tajimi City are shown in Table 2,

which is the same as Figure 2(c).

a lower (greater) number of consecutive clear-sky days
was observed at each site indicated with cold colours (or
warm colours) than the area-averaged number of clear-sky
days. This figure indicates that the number of consecutive
clear-sky days in Tajimi is about 2 days lower than the
area average. This result means that a lower number of
clear-sky days precede EHT events than the area average
in Tajimi, suggesting that soil dryness associated with
consecutive clear-sky days does not play a role in the
occurrence of EHT events in Tajimi.

3.4. Micro-scale

The last section of this chapter discusses hypothesis (7):
thermal environments around the Tajimi AMeDAS site
(Figure 3(d)). Not only researchers but also citizens of

Tajimi City have pointed out that undesirable micro-scale
conditions at the Tajimi AMeDAS site are one reason
for the higher temperatures recorded in Tajimi. Fujibe
(2011) explained the ‘Hidamari (suntrap) effect’ men-
tioned in Section 1 as follows: ‘Kondo has presented obser-
vational evidence of temperature changes that are appar-
ently related to changes in the micro-scale environment
(such as the construction of buildings, tree growth, recla-
mation and earthquake disasters). Kondo has noted that
a decrease in exposure to the wind is accompanied by a
reduction of wind speed and upward heat diffusion, which
results in a temperature increase’. In general, AMeDAS
observation sites were built nationwide by the JMA, and
observation sites managed by JMA local observatories are
generally constructed in open spaces with a relatively high
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Figure 13. Horizontal distribution of anomalies in (a) clear-sky days, (b) cloudy days, and (c) rainy weather days. (d) Distribution of averaged
preceding consecutive clear-sky days before EHT days in Tajimi.

sky view factor [e.g. Kumagaya site: Figure 2 in Takane
et al. (2014)]. However, since the Tajimi AMeDAS site
is not located in an open space (Figure 14), the ques-
tion remains whether or not the temperatures observed at
the site are representative of the thermal environments in
Tajimi City. This is a possible explanation for high tem-
peratures being more frequently observed at the Tajimi
AMeDAS site. In recent years, the transition in thermal
environments at the micro-scale level has been considered
one of the important factors for global warming monitoring
(Mahmood et al., 2006; Runnalls and Oke, 2006; Pielke
et al., 2007; Fujibe, 2011). Thermal environments around
meteorological observation sites have an impact not only
on global warming monitoring but also on the frequency
of EHT occurrences.

Thus, this article first investigates the differences in
the locations of the temperature observations and their
surrounding environments, and how these differences are
related to the dispersion of the temperatures observed in
the city (the uncertainty of temperatures recorded in Tajimi
City). Figure 15(a) and (b) shows the averaged diurnal

variations in temperature for clear-sky days recorded
in Tajimi City at 13 sites and Tajimi AMeDAS site (as
a reference) in August 2010, and 15 sites and Tajimi
AMeDAS site in July–August 2011, all between 0500
and 1700 JST. In August 2010, 35.3 ∘C was the highest
temperature recorded in Tajimi at 1400 JST (recorded in
Koizumi Park: site 4), and the lowest temperature at the
same hour was 33.8 ∘C (observed at Wakinoshima JS: site
13). The difference between the highest and the lowest
temperature at 1400 JST was 1.5 ∘C, which is the range
of uncertainty for temperature observation in the city. If
altitude corrections were not applied, the difference would
be 2.0 ∘C. In July–August 2011, the highest temperature
in Tajimi City at 1400 JST was 35.3 ∘C (recorded near
the AMeDAS site: site 14), and the lowest temperature
was 33.1 ∘C (observed at Koizumi JS: site 5). The dif-
ference between the highest and lowest temperatures at
1400 JST was 2.2 ∘C, and was even greater (2.4 ∘C) when
the altitude correction was not applied. Here again, the
results of observations in July–August 2011 indicate that
temperatures observed near the AMeDAS site were higher
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Figure 14. (a) Map of urban area in the vicinity of the Tajimi AMeDAS site. (b) Close-up of black square area identified in (a). (c) Photograph of
Tajimi AMeDAS site taken from parking area of Tajimi fire station. The numbers from 1 to 8 in (a) and (b) represent the observation points on several

routes: near AMeDAS, at the FS entrance, and routes 1–3.

than those observed at any other site in the city. In other
words, near the AMeDAS site, temperatures tended to be
higher than at other sites in the city, therefore this site is
less regionally (Tajimi City) representative.

Second, we conducted intensive observations of tem-
perature near AMeDAS and on peripheral city blocks,
using a forced ventilation device (Murakami and Kimura,
2010), to investigate whether the temperature observed
at the AMeDAS site was regionally representative a
several-metre scale or several-hundred-metre city-block
scale. For intensive observations, we conducted mobile
observations on each of the following five routes: near
AMeDAS (three sites: Figure 14(b)); at the fire station
(FS) entrance (five sites: Figure 14(b)); on route 1 (five

sites, Figure 14(b)); on route 2 (eight sites: Figure 14(a));
and on route 3 (seven sites, Figure 14(a)). Here, we explain
the mobile observation method used in detail along route
2. We first stayed for 15 s on every hour at point 1 on
the route, and then conducted observations per second
using the forced ventilation thermometer. These 15 data
were then averaged, and were designated as the value for
that particular point on the route. Subsequently, we took
30 s to move to point 2 , where we conducted the same
observation by standing still for 15 s. This process was
repeated until we reached point 8 . Points 1 – 8 were
named the ‘outbound’ route. We then conducted the same
observations from points 8 to 1 , and labelled this the
‘inbound’ route. A total of 11 min of observations were
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Figure 15. Averaged diurnal variation in surface air temperatures from 0500 to 1700 JST for clear-sky days in (a) August 2010 and (b) July–August
2011 at: near AMeDAS (black solid line); Koizumi Park (blue solid line); Touto JHS (red solid line); Tajimi JR station (black dashed line); Tajimi

AMeDAS site (circle, as a reference); and other points (grey solid lines).

conducted on both the inbound and outbound routes along
route 2, which had the maximum number of observation
points among all routes. Such observations were then con-
ducted on the other routes, using the same time interval
on 12–14 August 2011: these 3 days were not considered
EHT days, but were clear-sky days.

The results of the 15 s inbound and outbound average
values obtained at the points on each route [for route 2, the
result is of averaging the values for 16 points: 8 points× 2
(inbound and outbound)] are shown in Figure 16. The
bars indicate the average surface air temperatures, while
the error bars show their standard deviations. Figure 16(a)
describes the results on 12 August 2011. While it appears
that the average temperatures near AMeDAS at 1100 JST
are at most about 0.5 ∘C higher compared to the values
obtained for the other routes, the figure does not show this
trend in observations conducted after 1200 JST, where the
average temperatures near AMeDAS were considerably
higher than those recorded on other routes. In addition,
the standard deviations for the average temperatures near
AMeDAS were neither lower nor higher than those for
the other routes. Similar trends were also confirmed in
the results for the observations conducted on 13 August
2011 (Figure 16(b)) and on 14 August 2011 (Figure 16(c)).
In other word, daytime temperatures observed at near
AMeDAS were not higher compared to the values obtained
for the other routes during the 3 days.

Additional observation show that the average tempera-
tures observed near AMeDAS between 1100 and 1600 JST
by ‘fixed point’ observation (different observation from
intensive observations presented earlier) using the forced
ventilation thermometer, were confirmed to be 1.2–1.3 ∘C
higher than those observed in Koizumi Park (site 4; fixed
point observation) during the same hours for the 3 days.
These results indicate the possibility that the thermal envi-
ronment around the AMeDAS point may be less region-
ally representative at a several-hundred-metre city-block
scale, including all routes shown in Figure 14, than on a
several-metre scale (distance between near AMeDAS and
Koizumi Park).

4. Discussion

4.1. Climatological comparison of the Nobi and Kanto
Plains

Section 3.1 discussed how the probability of the ‘whale’
pressure pattern occurring is higher on EHT days than that
on clear-sky days. In addition, it was explained that one of
the characteristics of ‘whale’ is higher temperatures at the
850-hPa level, and that synoptic-scale winds above cen-
tral Japan tend to be covered by westerly to northwesterly
winds. These features are similar to those in the Kanto
Plain (Takane et al., 2014), and the reason for this similar-
ity is that the distance between the two plains is small in
synoptic-scale terms; the distance between Nagoya in the
Nobi Plain and Tokyo in the Kanto Plain is ∼260 km. In
addition, these two plains have similar geographical char-
acteristics: i.e. mountain ranges are located to the north-
west of both plains, which is the windward direction under
the ‘whale’ pressure pattern. These results demonstrate the
possibility that EHT events occur on the leeward side of
mountains located in the west and northwest of the plains
in central Japan, due to airflow over the mountains.

However, the probabilities of westerly–northwesterly
meso-𝛽-scale airflow on EHT days differ between
Tajimi in the Nobi Plain and Kumagaya in the Kanto
Plain, although synoptic-scale pressure patterns are
similar in both plains. Specifically, the probability of
westerly–northwesterly airflow in Tajimi was 61.2%, as
shown in Section 3.2, which is higher than the 10.7% in
Kumagaya reported by Takane et al. (2014). A potential
reason for this probability difference is the difference in
the height of the mountains located in the west and north-
west side (windward direction under the ‘whale’) of both
plains: the Ibuki mountainous area (Figure 1(b)) is lower
than the Chubu mountainous area. When synoptic-scale
wind speed and atmospheric stability are almost identical
in both windward areas, airflow over the mountains in the
Nobi Plain occurs more frequently than in the Kanto Plain.
The probability difference in the westerly–northwesterly
meso-𝛽-scale airflow (over the mountains) affects the
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Figure 16. Averaged surface air temperatures (bars) and standard devi-
ations (error bars) observed from 1000 to 1600 JST at: near AMeDAS;
the FS entrance; and routes 1–3 (Figure 14), on (a) 12, (b) 13, and (c) 14

August 2011.

difference in the EHT frequency between Tajimi and
Kumagaya (Table 1).

4.2. Identification of the meso-𝛽-scale
westerly–northwesterly wind

In this section, we discuss the difference in meso-𝛽-scale
airflow (coming from the mountains) between the north-
western and western sides of the Nobi Plain. Figure 9(c)
shows that the temperature difference between Sekigahara
and Ogaki (Figure 1) was 1.6 ∘C; Ogaki is located to the
east of Sekigahara. The accumulated sunshine duration
from sunrise to 1400 JST at Sekigahara and Ogaki showed
no difference, 7.5 h. This suggests that the temperature dif-
ference between Sekigahara and Ogaki may be attributed
to the foehns associated with the airflow passing through
a col near Sekigahara. This westerly airflow entering the
Nobi Plain eventually reaches Tajimi located at the east
edge of the Nobi Plain. During this process in the Nobi
Plain, the westerly winds are exposed to diabatic heating
upon flowing in the mixed layer, causing high tempera-
tures particularly at the end of the leeward side. The fetch
to the westerly winds to Tajimi is greater than that for other
cities (Sekigahara, Ogaki, and Gifu) in the Nobi Plain, and
therefore, the duration of diabatic heating from the ground
surface is longer for Tajimi than for other cities on the Nobi
Plain. This mechanism corresponds to the foehn-like wind
reported by Takane and Kusaka (2011). This could con-
tribute to EHT events in Tajimi. Further detailed research
should be conducted to analyse soil moisture, sensible heat
flux, and other meteorological elements in the fetch area,
and to identify their relationship to EHT events in Tajimi,
using both numerical simulations and observation.

Owada (1990) stated that the local winds, called the
Ibuki–Oroshi and Suzuka–Oroshi, are prominent on the
Nobi Plain, and that both are westerly local winds. How-
ever, the meso-𝛽-scale airflow from the mountains located
on the northwestern and western sides is believed to be a
different airflow from these local winds, for the following
reasons. According to Owada (1990), the Suzuka–Oroshi
is a westerly wind. However, this wind is generated in
the coastal area located in the southwestern part of the
Nobi Plain, which differs from the inland part of the Nobi
Plain indicated in this study. Moreover, the pressure pat-
tern creating the environment for the occurrence of the
Suzuka–Oroshi includes high pressure in the west and low
pressure in the east (WH–EL), a cyclone on the Japan Sea
(JC), a cyclone located off the south coast of Japan (SC),
and cyclones on the Japan Sea and the south coast of Japan
(JS-Cs) [Figure 4 in Takane et al. (2014)]. Such pressure
patterns are different from that of the ‘whale’ pressure pat-
tern, which sets up the environment for the airflow from the
mountains on the northwestern and western sides, referred
to in this study.

Ibuki–Oroshi is generated in an area similar to that
discussed in Section 3.2. However, this wind becomes
prominent primarily during the winter season, and related
pressure patterns are similar to those of Suzuka–Oroshi.

Few studies have examined the relationship between
the airflow coming from the mountains located on the
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Figure 17. Secular change in population (grey bar) of Tajimi City from
1946 to 2012, daily average temperature (black solid line), maximum
temperature (red solid line), and minimum temperature (blue solid line)
observed at the Tajimi AMeDAS site, averaged for July–August in
1979–2012. The black, red, and blue straight, dashed lines indicate
the trends in daily average, maximum, and minimum temperatures,
respectively. The black, red, and blue numbers are the trends (∘C year−1).

northwestern and western sides, and the EHT days
discussed in this study. This study indicates that the
westerly–northwesterly wind is one of the factors causing
the EHT events, and so further observational and numer-
ical studies should be conducted to identify the physical
characteristics of the westerly wind.

4.3. UHI in Tajimi City

As mentioned in Section 3.3, it appears that the UHI
have contributed to changes in the occurrence of EHT
events over the years. The population in Tajimi increased
to approximately 80 000 people between 1946 and 2012
(Figure 17), and specifically by ∼38 000 between 1980
and 2012 (census data), which is a larger increase than
in any other city in Gifu Prefecture in that time. Popula-
tion growth has been evident in Koizumi school district
(which houses sites 4 and 5) and Seika school district
(which houses sites 14 and 7) since 1995. This localized
urbanization within Tajimi City is believed to be one of
the underlying factors for the occurrence of the EHT events
around the Tajimi AMeDAS site in recent years.

In addition to the population increase in Tajimi, surface
air temperatures (daily average, maximum, and minimum)
averaged for July–August increased from 1979 (first
year with observations available) to 2012 (Figure 17).
The trends in daily average, maximum, and minimum
temperature were +0.05, +0.09, and +0.04 ∘C year−1,
respectively. These positive trends included changes in
temperature due to not only local phenomena, such as
urban warming, but also global climate change. Here,
we attempted to estimate the effects of local phenomena
on the temperature trends listed earlier. This effect was
estimated by subtracting temperature trends that were
due only to global climate change (hereafter, background
temperature change) from the temperature trends, which
include both local phenomena and global climate change.
Background temperature change was estimated using
averaged observational data collected by 15 AMeDAS
observational stations operated by the JMA, which were
located outside urbanized areas in Japan. Additional
analysis using the data from these stations revealed
that the trends in the background temperature changes

were +0.04 ∘C year−1 (daily average), +0.06 ∘C year−1

(maximum), and +0.03 ∘C year−1 (minimum). There-
fore, the changes due to local phenomena only were
+0.01 ∘C year−1 (daily average), +0.03 ∘C year−1 (max-
imum), and +0.01 ∘C year−1 (minimum). It can be seen
that positive trends remain, despite the change in the back-
ground temperature. Considering that the population of
Tajimi increased to approximately 43 000 people between
1979 and 2012 (Figure 17), and that the urbanized area
of Tajimi expanded by about 3000 ha during the same
period (city planning data from Gifu Prefecture), the
positive trends due to local phenomena were affected by
the urban warming of Tajimi. Specifically, changes in the
ground surface energy budget due to land-use changes
and an increase in anthropogenic heat due to urbanization
contributed to the positive change in temperature and the
increase in frequency of EHT events in Tajimi.

4.4. What are the important factors causing high
temperatures in Tajimi?

The uniqueness of this study was its attempt to test seven
climatological hypotheses, on different scales, which
could explain the EHT events in the small city of Tajimi.
The results of statistical analyses suggest that a combi-
nation of the following multi-scale factors contribute to
the high temperatures in Tajimi. As shown in Section
4.3, urbanization of Tajimi City over several decades
is a background factor in the high temperatures from a
meso-𝛾-scale standpoint. In addition, the ‘whale’ pressure
pattern is another background factor that triggers the
higher temperatures. Under these background conditions,
meso-𝛽-scale westerly winds frequently blew at ground
level in the Nobi Plain, and then reached Tajimi. This
westerly–northwesterly wind is important for the EHT
events in Tajimi. Moreover, the location of the Tajimi
AMeDAS site, located within the urbanized area (a
several-hundred-metre city-block scale) where high tem-
peratures tend to be observed within the city, contributes
to the high temperatures being recorded in Tajimi.

5. Summary

From the perspectives of various scales, this study inves-
tigated seven multi-scale-based hypotheses related to the
occurrence of EHT events in one of the hottest cities in
Japan, Tajimi City, in Gifu Prefecture, using results from
original meteorological observations and from the JMA’s
observation data. The main results are summarized accord-
ing to their hypotheses, as follows:

(1) A synoptic ‘whale’ pressure pattern had the highest
probability of occurrence among all pressure patterns
(a 61.2% probability of occurrence) on EHT days
in Tajimi. This probability is significantly higher
than the 11.3 and 21.0% on all days and clear-sky
days, respectively. These results indicate that ‘whale’
plays a major role in the occurrence of EHT events,
although it is neither a necessary nor a sufficient
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condition to cause EHT events. In addition, the
‘whale’ pressure pattern is linked to the occurrence of
the westerly–northwesterly meso-𝛽-scale airflow.

(2) A 61.2% of EHT days had a prominent
westerly–northwesterly airflow coming from the
mountains located on the northwestern/western
sides of the Nobi Plain. The observations suggest
that the westerly–northwesterly airflow is closely
related to EHT events and the ‘whale’ pressure pat-
tern. Further research into the contribution of this
westerly–northwesterly airflow is required, including
the possible contribution of foehn-like winds, which
cause high temperatures on the leeward side of the
mountains, through diabatic heating from the ground
surface.

(3) Prominent southwesterly winds from the Ise Bay area
were observed on 12 of 49 EHT days (24.5%), show-
ing that the probability of these winds was lower than
that of the westerly winds on such days (61.2%). From
a climatological perspective, these results suggest that
it is less likely that hypothesis (3) – heat transport
from Nagoya – contributes to the occurrence of EHT
events in Tajimi.

(4) No tendency was found for temperatures in Tajimi
(which is located inside a small-scale basin) to become
higher than those observed outside the basin, due to
small-scale foehn and valley winds induced by the
mountains surrounding the city. In addition, formation
of stagnant air areas was not observed. These results
demonstrate that it is less likely that the small-scale
basin terrain plays a role in the occurrence of EHT
events in Tajimi.

(5) UHI was observed in Tajimi. As the population and
surface air temperature of Tajimi has increased in
recent decades, the urbanization of the city is a back-
ground factor, which is believed to have contributed to
the increase in frequency of EHT events in the city.

(6) The number of clear-sky days in Tajimi was no greater
than that of adjacent areas. Moreover, the numbers of
cloudy days in the city was not less than in surrounding
areas, and Tajimi had an only a slightly greater num-
ber of rainy weather days. These results indicate that
Tajimi is not in atmospheric conditions where soil dry-
ness tends to occur to a greater extent compared to its
surrounding areas.

(7) The result of observations on clear-sky days in
July–August 2011 suggest that higher daytime tem-
peratures tend to be observed near the AMeDAS
site compared to other sites within the city, and that
this site is less regionally representative. The results
of additional intensive observations indicate the
possibility that the thermal environment around the
AMeDAS site may be less regionally representative
at the several-hundred-metre city-block scale than at
the several-metre scale.

Based on these results, it is likely that the high tem-
peratures in Tajimi can be attributed to: (1) the occur-
rence of a characteristic pressure pattern: ‘whale’, (5) the

urbanization of the city as an underlying environment cou-
pled with (2) the westerly–northwesterly airflow from the
mountains located on the western/northwestern sides, and
(7) the location of the AMeDAS site, which is located in a
city block (∼400 m2) where high temperatures tend to be
observed frequently within Tajimi City.

The statistical analysis presented here will be benefi-
cial for understanding the climatological conditions during
EHT events in other regions with similarly complex ter-
rain, such as in south-eastern Asia and Europe.
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